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Measuring Performance
Plastics have had a dramatic effect on many areas ofour everyday lives, but the impact ofpolymer
materials in the medical industry is monumental. During the 1970s it was recognized that plastics
were able provide a more cost effective sterile barrier and was more resistant to environmental
conditions than traditional packaging materials. The invention ofnew devices and technological
advances in treatments were also contributing factors in the expansion of single-use disposable
medical products. Today, almost all single-use medical devices and sterile medical supplies are
either packaged or sealed with plastic.
Product protection, identification, ease ofuse, and minimizing cost are the four primary
requirements that define medical packaging. There exists a great deal of interdependency between
these elements, and it is for this reason that performance testing plays a central role in allowing
manufacturers to be competitive in today's global market. Package performance testing provides
manufacturers with a method ofmeasuring the amount ofprotection for a particular design, which
is significant because the safety of a sterile product is only as good as the integrity of its package.
Design and raw material selection for medical packages are determined by the method of
sterilization, the protection requirements of the product, and the presentation needs at the point of
use. The three most common types of sterilization are steam (autoclave), gas (Ethylene Oxide
(EtO)), and radiation. Both gas and steam sterilization processes require a porous package
design. This is achieved through the use ofporous barrier materials such as paper, perforated
films, and spunbonded polyolefin (a.k.a. Tyvek). When porous package designs are required, it
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is important to select material that provides sufficient breathability to ensure adequate penetration
of the sterilization diluents while providing enough protection to prevent bacterial contamination.
Additionally, for a single-use package to be considered
'user-friendly,'
the package must be easy
to open. Heat seal coatings and hot melts provide what is known as a controlled cohesive
separation, thus providing a peelable seal for the end user. Selecting a good coating is a balance
between one that peels easily and one that is resistant to the degrading effects of the sterilization
processes.
Performance testing provides designers with quantitative information about different designs and
materials. These tests also help manufacturers measure their processes. Performance tests give
manufacturers and designers the information they need to select the proper materials and to
measure the strength ofvarious design options. Test methods must be reliable and reproducible
to be useful in design qualification and process validation. It is the legal and ethical responsibility
ofmanufacturers to qualify package designs and to validate critical processes that affect a
package's performance, including package integrity tests. Proper testing of sterile medical
packages will result in an accurate prediction of their performance, which helps to avoid package
failure, which may cause serious harm to patients ifundetected by the clinician prior to use.
Testing Porous Medical Packages
In 1995 the American Society for Testing andMaterials (ASTM) published a standard guide for
"Integrity Testing ofPorous BarrierMedical
Packages"
\ this document is intended for use in
determining overall package integrity. The standard provides a guide
for whole package integrity
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testing ofmedical products with porous packages. It assumes that the raw materials have been
specified properly and found suitable for the application being tested. Determining the integrity of
a sterile package is achieved by demonstrating that its seal is intact after being exposed to a
standard challenge test (vacuum, leak, visual examination, dye penetration, particulate
transmission, or microbial). It should be noted that measuring the strength of a medical package
is different than measuring the integrity of a medical package. The strength ofa porous barrier
medical package can be determined by four different test methods: Burst (internal pressure),
Creep (internal pressure), Seal Strength or Peel Strength.
Test methods for evaluating both package integrity and strength are to be used in conjunction
with a test plan (or protocol) which outlines any special conditioning or ship test exposures. The
results are typically summarized in a report. Pass/fail criteria are established by a series of
experiments designed to identify the edge of failure with respect to a valid requirement (Customer
Focus, Agreed Upon andMeasurable). Some unofficial industry standards exist for tensile seal
strength (1.0 lb/in) and minimum adhesive transfer (0. 125 in), but acceptance criteria should be
established empirically through the use ofDesign ofExperiments (DOE).
Determining the actual strength ofa porous package can be subjective and the results can be
substantially influenced by operator technique, equipment variability, raw material selection, and
package geometry. Peel strength testing 2, the most widely accepted methodology used to
measure a seal strength, provides valuable information about the sealing process. Since peel
strength test results change as seal parameters change, they are considered a good indicator of
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variation in the sealing process. Results of tensile seal strength testing will vary based on material
stiffness and angle ofpeel
(90
or 180). The primary concern with this test method is that it is
ineffective at determining the strength of the entire package. The extensive preparation time is
another argument against using tensile testing to evaluate the performance of a peelable package.
This leaves Creep and Burst testing as the more desirable test methods for measuring the overall
strength of a package. Burst strength is defined by ASTM
'
as "a measurement of the ability of a
sealed package to resist rupture when pressure is applied in a controlled and repeatable manner to
its interior
space."
Creep is a non-destructive test method that also uses internal air pressure to
determine the strength of a package. Creep is an attribute type test that yields only a pass/fail
result. Because burst testing gives a variable output, it is statistically a much more powerful tool.
Burst testing incorporates raw material, design and sealing process elements in a quantifiable
output. This approach provides a practical means of assessing a packages ability to resist
destructive forces experienced during manufacturing processes (gas sterilization) and in the
distribution environment.
Relationships Between Burst and Peel Strength Testing
Current idealogy and perceptions regarding package burst testing are rooted in the theory that a
correlation exists between peel strength (tensile) testing and burst pressure. Traditional peel
strength testing yields a direct and consistent
correlation with sealing process parameters. It is a
relatively simple test to perform
and peel strength testing is considered a validatable test method.
By comparison, there exists a lack ofpublished
information correlating burst test results with
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sealing process parameters and many professionals questionwhether such a correlation exists.
Peel strength (tensile) testing has been adopted across the industry because it is easy to perform,
quick, repeatable and correlates well with sealing process parameters. Because the results of this
test are greatly affected by the angle ofpeel and environmental factors, this mechanical test is a
poor indicator of a package's performance during distribution and end-use conditions. Traditional
peel strength testing is a good process indicator, but sterilization creep and blown seals are usually
the result of the limitations of a package design interacting with either the sterilization process or
excessive environmental factors.
When a flexible pouch is fully inflated, it resembles a tubular shape that simulates the
180
angle
most often used in peel strength testing. Many professionals then make the assumption that this
design holds the greatest opportunity for success at correlating peel strength with burst pressure.
In 1991, Thomas Wachala
3
proposed the use ofmathematical models for correlating these two
test methods. Experience has shown that the geometry of the package design and pressure points
that result from wrinkles create excessive noise in the burst test results, which then make the





The result of these failed attempts at correlating peel strength to burst values is that package burst
testing has been characterized as unscientific
and non-validatable as a test method. This is an
interesting perception recognizing that peel strength testing falls short of identifying the weakest
area of the package and that it is difficult to correlate with how a package is actually opened.
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There is a definite need in theMedical Device packaging industry for a test that is cost effective,
validatable and that is an accurate process monitor.
The Science ofBurst Testing
Using internal air pressure to determine the strength of a package has been common practice
within the medical device industry since 1982. InMay 1988 the American Society for Test





This test method brought some
standardization of test equipment, conditions, and nomenclature. The burst test portion (Method
A) indicated that the rate ofpressurization was dependent upon the sensitivity of the indicator.
An accurate perspective on the utility ofpackage burst testing can only be achieved through the
use of empirical methodology and scientific analysis. The lack of empirical data, misdirected
scientific information and ambiguous test results are all contributing factors that have prevented
burst testing from being recognized globally as a valid test method.
Burst testing is used as a product performance measurement in other manufacturing processes like
extruded tubing. Many studies have demonstrated that a linear correlation exists between
extrusion parameters and burst strength. Ifburst testing is so commonly accepted in the field of
extrusion, then why has the packaging industry failed to embrace this technology? It is quite
possible that the answer to this question is that a greater number of test variables exist with
package testing and that no one has taken the time to
characterize the significance of these
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variables.
OffThe ShelfPackage Burst Test Equipment
Early closed package burst test equipment consisted of a vacuum chamber used to create a
pressure differential between the inside of the package and the environment. Eventually the
chamber was partially filled with water; by immersing a sealed package in the water it was
possible to determine the exact location of a failure by the appearance ofbubbles.
Open package burst testing uses a clamping device with internal air supplied by a tube sandwiched
between jaws of the clamp. Initially open package burst testing used a needle gauge to record the
maximum internal air pressure achieved when the package ruptured. Manually controlled vacuum
and air pressure valves were eventually rendered obsolete with the introduction ofpressure
transducers that use solid state controllers. These systems use one air line to supply air pressure
and a second to measure pressure inside the package when the package bursts.
Manually controlled pressurization systems had greater variability n the results and were
considered too operator dependent. When pressure transducers and solid state controllers were








Burst Testing Rigid Packages
A test stand or fixture is used to stabilize and secure the inflation needle during closed package
testing, this also helps to centralize placement of the access hole in the lid. The inflation needle
provides some vertical restraint of the lid during the test. By the inherent the design of closed
package burst test fixtures, the inflation apparatus is actually functioning as a partial restraining
device. This restraining feature is a benefit when testing rigid package designs that are porous.
There is some evidence (Bonn
5
andWachala 6) that use ofa restraining plate provides more
consistent burst results and is more representative ofwhat packages experience in sterilization, and
distribution environments. Under normal distribution conditions porous primary packages are
placed inside secondary containers that effectively reduce the amount ofballooning a package can
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experience.
When evaluating seal strength ofnon-porous package designs, evacuation of air inside the primary
package and headspace in the secondary package are important considerations. Knowing the
amount ofheadspace is essential for selecting the proper distance between the restraining plate
and the surface of the package (a.k.a. restraining plate height). With a porous package design,
selection of the ballooning height is less critical because the inflation force decreases as the air
escapes.
In some burst test systems the ballooning of the lid provides an upward force that insures a good
seal exists between the inflation port and the lid. Excessive leaks between the inflation fixture and
the lid surface can cause variability in the pressure readings.
The traditional perception ofvariation in burst test results has been that it is caused by variable
needle placement and inconsistency in the strength of the seal. In 1994, David Bonn
5
published
one of the first peer reviewed articles that attempted to quantify what variables that affect burst
test results. To isolate the significance ofprocess and design variables, Bonn maintained a
consistent restraining height, used the same lid material, kept the needle height flush with the
plane of the lid, and tested only sterilized product. After a series of closed package burst test
studies using an automated test console,
he concluded that the factors that most influenced burst
test results were Package Size, Needle Placement and Environmental Conditions.
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In a separateDesign ofExperiment (DOE) involving various sealing process parameters, Bohn
attempted to prove the value ofburst testing as a process monitor. He proposed that the
frequency ofbursts for a given area on the lid ("burst zone") was an indication ofvariability in the
sealing process. Bohn stated that "burst testing can be implemented either before or after
sterilization in order to identify nonrandom
variation"
in the sealing process. He also cautioned
readers to be aware of special cause test variation that could result from outward splits in the lid




A Discussion On Burst Test Variability
The goal of the primary research portion of this thesis paper is to quantify test method variability
involved in closed package burst testing. In order to isolate which design features affect burst test
results, the test sample should retain a consistent geometry during the test.
Because of the variability between test equipment and the lack of information regarding the
effects ofpackage design, burst testing is not recognized as a valid test method for breathable
rigid packages. Using both peel strength and burst test results will provide designers with much
more knowledge about a package's performance than focusing on only one test method.
Qualifying the ability of a rigid porous package to resist the effects of rapid pressure change
improve'
s manufactures understanding of environmental and sterilization effects.
Previous studies (Wachala 3) have suggested that flexible package burst testing has a 20% margin
of error due to the irregular shape of an inflated pouch. When a restraining plate is used, a rigid
tray design is believed to provide a more stable structure and consistent angle ofpeel than flexible
package designs. A rigid package configuration was selected because it provides increased
material stability during the burst test and more consistent package geometry. These two design
features are limitations that cause variability in pouch burst testing.
Porous package designs present a special challenge for burst testing, the input air rate must be
greater than the rate at which the air escapes through the breathable portion of the package.
Because porosity rates ofheat seal
coated lidding material are notoriously variable, the raw
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material inconsistency adds additional variability to the test method. This further hinders any
attempt at achieving global or industry wide standardization for burst testing. It also provides
some insight as to why most device manufacturers avoid using package burst testing for
breathable/rigid package designs.
Hypothesis Statements
A detailed discussion involving factors that effect the burst test process can be found in the
section titled "Burst Test Process
Variables."
Based on this discussion four factors were selected
as a challenge to the null hypothesis, none of the process variables listed will have any significant
effect on burst test results. Three design factors were selected (material porosity, porous area and
package volume) and one process variable (fill rate) was selected for testing with a Designed
Experiment (DOE).
Null Hypothesis: Burst values of rigid breathable packages are independent of the amount of
porous area, the volume of the package and the rate at which the air fills
the package. They are also independent of the porosity of the raw material
used in the construction of the package.
Alternate Hypothesis: Package burst values vary significantly due to raw material variability,
package geometry and test conditions.
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Burst Test Process Variables
This section provides a detailed outline analyzing the elements of raw material selection, package
design and test techniques that can potentially affect burst test values. The following outline is a
scientific analysis based on experience and published information that discuss variables in the burst
test process. This discussion will be helpful in isolating Independent Variables (factors) in a full
factorial Designed Experiment (DOE).
1 . 0 RawMaterial Factors
1 . 1 Porosity Rate
The air resistance of lidstock is measured by using a Gurley densitometer to record
the amount of time it takes for 100
cm3
of air under 124 mm ofpressure (H20
gauge) to pass through a 6.4
cm2
(1 in2) ofmaterial. Results from the Gurley-Hill
porosity test (TAPPI T460 7) are recorded in sec/100 cm3. Gas sterilized medical
package designs use eitherMedical Grade paper, Paperboard or Spunbonded
Polyolefin (Tyvek) as the porous membrane. Spunbonded Polyolefin is
manufactured by the Dupont Corporation in two structures: 1059B and 1073B.
Due to it's heavier weight, 1073B is perceived to be superior. It is currently
manufactured in two locations: Richmond VA. and Luxembourg. The porosity
rates ofuncoated 1073B manufactured in these locations can be found in the
following table 8.
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Uncoated 1073B Tyvek PorosityRates
Richmond Luxembourg
Target (sec/100 cm3) 22 21
StdDev (sec/100 cm3) 3.5 2.3
Using a 3 sigma analysis, Tyvek can have 33-48% variation in the porosity rate.
Therefore with any experiment involving Tyvek porosity, multiple measurements
need to be taken to fully characterize this variation within the test samples.
Because Tyvek doesn't seal well to all tray surfaces, adhesive is applied to the
lidding material used on rigid packages. These heat seal coatings provide adhesion
and controlled peelability. Lid porosity can be affected by the type of heat seal
coating and the method of application.
1.2 Adhesive Coating
There are two basic types of adhesive coatings that are used on Tyvek, porous and
non-porous (hot melts). To provide porosity of a lid, non-porous adhesives are
applied in either a dot or grid pattern, porous adhesives coat the entire surface.
Whether the adhesive is porous or non-porous, the melt temperature and the
coating's propensity to absorb moisture
are key factors in selecting the proper
adhesive. This means that burst values will be affected as the sealing material
begins to soften and flow. The adhesive is what bonds the lid to the tray and the
cohesive peel of the lid is what is effectively being measured by burst testing.
Therefore burst test results are closely linked to both the sealing process and the
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type of adhesive being used.
2.0 Package Design Factors
2.1 Seal Strength
Because most professionals agree that burst testing is an indication of the strength
of the seal, the sealing process parameters (Time, Temperature and Pressure) will
have a significant effect on the strength of a seal. The sealing temperature and
dwell time are usually determined by the melt temperature of the adhesive.
Excessive pressure during the sealing process can drive the adhesive into
undesirable areas which results in lower or variable seal strengths.
2.2 SealWidth
The width of a seal will determine the amount of time required to burst a package,
wider seals will require a longer time to burst. The relevance of this factor appears
to be reduced given that burst testing is a dynamic test, therefore the amount of
time associated with a wider seal is less significant. Wider seals provide greater
resistance to seal creep, "the reduction in width of a heat seal due to force exerted
by a bulky product, pouch distortion or internal air
pressure."1
2.3 Porous Area
For a rigid tray designwith a breathable lid the porous area is determined by the
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dimensions inside the seal. In theory, the internal pressure of the package
decreases as the air escapes through the porous area of the package. This assumes
that the rate at which the air escapes is significant relative to the rate at which the
air is supplied. The rate at which the air is supplied to the package is far greater
than the escaping air, but no study has been performed to quantify the interaction
between porous area and internal air pressure.
2.4 Lid Deflection and Tray Flexure
When a rigid package is inflated it flexes, causing the flange area of the tray to be
distorted. This distortion combined with the ballooning of the lid changes the
angle ofpeel. ASTM F 1 140
4
outlines a method for burst testing Open Packages
and Closed Packages that are unrestrained. Because of the geometric distortion of
the package during the test, greater variation in burst values will result.
In a study performed by David Bohn 5, he concluded that the shape of the package
influenced the areas where the seals burst. This study suggested that restricting
the lid from ballooning may reduce or eliminate the influence of the package shape.
Wachala
6
also performed studies to support the use of restraining plates for
reducing the amount ofburst test
variability.
2 . 5 Package Volume
Package volume is the product of a package's internal length, width and depth
Johnson 20
dimensions. A computer aided design (CAD) program can provide a much more
precise volume measurement ofa blister under nominal conditions. The upward
force on a lid iswhat causes a seal to burst, this force is the result of internal air
pressure being greater than the seal strength. Because the force is applied to a
surface (lbs/in2), according to the laws ofphysics, this force should be independent
of the internal volume of a package.
2.6 Porous Surface Area and Seal Geometry
In Bonn's
5
study several rigid package configurations were used and he was able
to demonstrate that burst values were lower for packages with a large surface area.
His study indicated that there was an inverse relationship between surface area and
burst value; as the surface area increased the burst value decreased. T.M.
Electronics (one of the three major burst test equipment manufacturers) supplies
software that requires the operator to select the approximate surface area of the
test sample as part of the set-up menu. Surface area combined with access hole
placement play a major role in determining the amount ofupward force that results
from internal air pressure. This study concluded that the surface area of the lid and
the geometry of the seal influence burst test values. When burst testing rigid
packages, the angle ofpeel and the distribution of forces on the lid appear to be
significant factors.
2.7 Package component (CSRwrap)
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Components inside the package can interfere with the air flow and create
turbulence inside the package. This is ofno concern for non-porous packages and
of little concern for porous designs. If internal components, for example CSR
wrap, are in contact with the sensors, they can cause false readings and result in
variability in the pressure transducer readings.
3.0 Test Equipment and Process Factors
3 . 1 Input pressure flow rate
When vaccum and air pressure burst test devices were first introduced they used a
manually controlled pressure regulators. This allowed operators an opportunity to
manipulate test results by either quickly or slowly building the pressure inside a
package or vacuum inside the chamber. The more modern burst test controllers
are equipped with electronically controlled pressure regulators that greatly reduce
this variable. Despite the degrading affects of rapid pressurization during gas
sterilization, the affect ofpressurization rate on burst test results has yet to be
proven by empirical means.
3.2 Air Supply Attachment Method
Leaks around the attachment area of the lid can create false or misleading readings.
As the package inflates and the lid raises (deflects), these leaks are sealed off and
become less evident. Analyzing the pressure to time plot can be a method of
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detecting excessive leakage during the early portion of the test. Most burst testers
use a pre-inflation cycle that also helps to reduce this effect. TM Electronics has a
patented attachment system that uses injection molded ports that are secured to the
lid with double back tape. Mocon (another burst test equipment manufacturer)
also uses an attachable septum device to reduce the amount of air leakage around
the access hole. Both attachment methods help to eliminate leakage between the




requires packages to be exposed to standard test conditions
(734F and 505% relative humidity) for at least 24 hours, and that any deviation
from these conditions while the test is conducted should be documented.
High relative humidity at elevated temperatures can facilitate softening of heat seal
coatings which contain large amounts ofEthylene Vinyl Acetate (EVA). The
electrostatic bonds within EVA can weaken as a result ofprolonged exposure to
these conditions. This can either weaken the seal, resulting in lower burst values
or provide more consistency (lower standard deviation for peel strength)
depending on the resins and the conditions.
Standard test conditions have a much lower temperature than the melt temperature
ofmost heat seal coatings (approximately 250-285F), therefore this is expected
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to have minimal to no effect on the test results. When attempting to correlate
burst values to sterilization effects, consideration should be given to what effect
excessive temperature and humidity will have on burst values. A correlation





Primary Research Test Plan
1.0 Material Selection
1 . 1 Lidstock
Spunbonded Polyolefin material (ie. Tyvek) is recognized as the premium
material for sealing to rigid trays. The higher grade Tyvek (1073B) has a smaller
standard deviation for thickness and porosity. An emulsion based breathable heat
seal coating from Perfecseal Corporation (CR-27) was selected for these
experiments because it offered the best opportunity to manufacture two distinct
levels ofporosity. This was accomplished by altering the manufacturing process
rather than using two different coatings, thus providing a common sealing process
for both porosity groups.
1 .2 Tray Design
Because very little published information exists regarding the effects of seal
geometry on burst values, only one seal configuration was selected. The upward
force applied to the surface (lbs/in2) should be independent of the internal volume
of a package. Package volume was included as part of the null hypothesis to
confirm or disprove this assumption. To avoid the negative effects of components
disrupting the sensors, at least one inch ofheadspace was used for all test samples.
In this study, tray flexure and lid deflection were minimized by using a very stiff
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tray (0.045 in. thick PETG) and a restraining plate.
2.0 Order ofTesting
There is a series ofpreliminary experiments that are required before the final Design of
Experiment (DOE) can be performed. These tests involve raw material characterization
(porosity baseline), sealing process validation and air flow setting selection.
2. 1 Identify the nominal porosity measurements for the two lidstock lots (High and
Low porosity).
2.2 Perform a sealing process validation with the designated test materials and
standard tooling, determine nominal sealing parameters for sample preparation.
2.3 Establish the high and low air flow settings for the burst test using the PICC Full
Procedural package design.
2.4 Closed Package Burst Test Design ofExperiment.
3.0 Test Approach
Each experiment involved in this study is required to use the following approach.
3.1 Write Protocol
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Prior to starting any test a protocol is required to clearly define the equipment
requirements, material identification, sample preparation and acceptance criteria (if
applicable). Each protocol must contain a detailed description ofhow to perform
the test and document the results.
3.2 Execute Test
Testing is to be completed according to the directions provided in the protocol.
Results are to be documented on either data sheets or in a laboratory notebook.
3.3 Write Final Report
Any deviations or unique outcomes should be explained in the discussion section
of the final report. Tables should be used to summarize and clarify test results.
Data plots and graphs should be used to support any statistical analysis.
Primary Research Background Information
1 . 0 SampleMaterial Preparation
Two lots ofheat seal coated Tyvek lidstock were specially manufactured by Perfecseal
Corp. using their prototype coating
line. One lot was manufactured to have a standard
porosity range (low
Gurley-Hill values), while the second lot was manufactured to yield a
low porosity, which are actually high
Gurley-Hill values (sec/1 00cm3).
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2 . 0 Lidstock Porosity Baseline
Densitometer readings were taken on randomly selected samples from both lots of
lidstock. These measurements were compiled to establish the average porosity values for
each lot and to quantify the difference between the two populations. The standard (or
highly porous) raw material lot had an average porosity of 68 sec/
100cm3
and the high
Gurley lot had an average porosity of 172 sec/1 00cm3. When looking at the results with
+/- three standard deviations there is some overlap between the two populations, but the
lowest value for the high Gurley material was 113.3 sec/
100cm3
and the highest value for
the standard material was 104.7 sec/100cm3.
3 . 0 Sealing Process Validation
Both lots of lidstock were coated with a standard emulsion based heat seal coating
identified as CR-27, a proprietary coating from Perfecseal Inc. To understand the amount
of equipment and process variation, an equipment Installation Qualification, Operating
Qualification, Process Edge ofFailure and Sealing Process Validationwere performed
using the standard test materials. Acceptance
of the sealing process validation was based
on process capability greater than 1.33 using peel strength results.
From this validation
nominal machine settings were selected to manufacture all burst test samples.
4 . 0 Establish Air Fill Rate Settings
Two different Designed Experiments (DOEs) were performed using the T.M. Electronics
seal tester and a large rigid tray manufactured with 45 mil Polyethylene terephthalate with
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Glycol (Bard Access System's PICC Full Procedural outer tray p/n 0396604). The first
test was designed to use the auto-set feature for establishment of the nominal air fill rate
required to burst the test package. Four (4) different versions of the package
configuration were tested in the first Air Fill Rate DOE. Because of the high standard
deviation and the small sample size the results were considered inconclusive.
A second round of air fill rate testing was performed using only one package
configuration, a larger sample size (n=10) and a larger air fill rate setting range (4-14).
Based on the results of the second experiment a minimum air flow (or fill rate) setting of
four (4) and a maximum air flow setting of twelve (12) were selected for the next round of
testing. Results also showed that burst values increased proportionately to the fill rate.
Primary Research Test Results
Two separate DOEs were performed for this portion of the study, one involving two groups with
sixteen runs (five repeats per run) and the second consisting of five groups with sixteen runs (no
repeats). The sixteen runs were consistent with a standard two way full factorial Design of
Experiment for measuring the effects offour independent variables; material porosity, porus area,
package volume and fill rate.
1.0 Burst Test DOE #1
While setting-up for the second day of testing during the first Burst Test DOE (run #12),
the air pressure and air flow sensors had to be re-initialized to overcome a machine error
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message. Because the average time to burst was substantially longer after the sensors
were re-initialized, it was concluded that the results had been affected by resetting the
sensors. Data from second group of sixteen runs did have some relative value because this
group was tested all on the same day and within one sitting. Results from second group
showed that there is a 95% confidence level that lid porosity significantly effected the
burst results. Package Volume interacted sufficiently with lidstock porosity and porus
area to be considered a significant interaction.
DOE #1 Estimated Effects and Coefficients for Burst -
(Normalized)
Term Effect Coef t-value P
Volume 0.02171 0.01085 0.97 0.335
Porosity -0.15696 -0.07848 -7.03 0.000
Area -0.04071 -0.02035 -1.82 0.073
Fill Rate -0.00529 -0.00265 -0.24 0.813
Volume*Porosity 0.09579 0.04790 4.29 0.000
Volume*Area 0.07854 0.03927 3.52 0.001
(P values less than 0.05 indicate a 95% confidence that the term is significant)
All values from this experiment did burst in the exact same location for every test sample.
Peel strength results, using the
180
tensile method, showed this location to be equal to or
slightly above the average
peel strength for the entire tray. The side opposite the burst
location averaged 5-6% lower in peel strength. Where the package burst every time was
one of the stronger peel strength locations, consequently the weakest area of the tray as
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measured by peel strength testing had no burst failures.
2.0 Burst Test DOE #2
The test format for the second round of testing was revised to use five replicates (or
groups) of sixteen runs. This approach was designed to further randomize any operator
influence and equipment variation. All test samples burst in the exact same location as the
first experiment. Statistical analysis reveled that lid porosity and the rate at which the
package is filled with air are both significant factors.
DOE #2 Estimated Effects and Coefficients for Burst
Term Effect Coef t-value P
Volume 0.03200 0.01155 1.39 0.171
Porosity -0.09100 -0.04550 -3.94 0.000
Area -0.00400 -0.00200 -0.17 0.863
Fill Rate -0.05200 -0.02600 2.25 0.028
Volume*Porosity 0.00200 0.00100 0.09 0.931
Volume*Area -0.04500 0.02250 -1.95 0.056
(P values less than 0.05 indicate a 95% confidence that the term is significant)
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Primary Research Conclusions
1.0 Package geometry plays a larger role than peel strength when determining where a
package will burst.
2.0 In both studies the porosity of the lidding material was found to be a significant factor
relative to the pressure required to burst this package.
3.0 Results from the experiment to establish the fill rate (reference report #1714) and from
the second Burst test Designed Experiment (DOE #2) both indicate that the rate at which
a package is filled can affect the burst value.
Primary Research Recommendations
To eliminate concerns regarding the precision and accuracy of the control device, the calibration
must be checked regularly. The output of the air supply can be checked by using a pressure
transducer mounted externally to the air supply fixture. Measuring the sensitivity of the T.M.
Electronics pressure transducer will require a controlled and verifiable air supply. Discussions
should be initiated between equipment manufacturers and test labs to standardize equipment
calibration methods and burst test process validation.
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1.0 Purpose
To provide a statistical baseline of information on the breathability of two specially
manufactured lots ofheat seal coated Tyvek sheets by recording porosity measurements
with a densitometer. One lot was created to yield high Gurley (or porosity) readings and a
second with low Gurley readings.
2.0 Scope
The results of this experiment apply only to these two lots. The two lots were
manufactured by PaperManufacturers Corporation (PMCO) on their prototype
production line for use in a factorial design of experiment (DOE) involving burst testing.
3 . 0 Reference Documents
3 . 1 TAPPI T460 os-75 Air Resistance ofPaper
4.0 Materials and Equipment
4. 1 RawMaterials
4. 1 . 1 High Gurley (HG) Sheet - 1 1 7/8 in L x 10 in. W, 1073B Tyvekwith
CR27 Heat Seal Coating, processed to yield a high porosity lidstock.
4.1.2 Standard Gurley (STD) Sheet - 1 1 7/8 in L x 10 in. W, 1073B Tyvek with





4.2.3 Gurley Densitometer: Model No. 4110
4.2.4 Gurley Digital Timer: Model No. 4320
5.0 Sample Preparation
5.1 Clearly identify the high Gurley raw material lot with an "HG", and mark the low
Gurley lot with "STD".
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5.2 Using a random number table, randomly select thirty (30) sample sheets from each
raw material lot. Record the position number of each test sample within the lot.
5.3 Using the ruler and the circle template create test targets by drawing 1 Vi inch
circles on the uncoated side of each test sample. Draw four circles approximately
2 inches equal distance from each corner and a fifth circle in the center of each
sheet.
5.4 Label each target consistentlywith locationA,B,C,D and E (center position).
5.5 Randomly order and identify both sample populations one through thirty, this
number now becomes the order of test and the sample number.
6.0 Test Procedure
6. 1 Using the HG test group, position and clamp target A test sample number one on
the Gurley Densitometer. Trigger the Gurley tester and record the time indicated
to complete the test as measured by the digital counter.
6.2 Un-clamp the test sample, raise the Gurley cylinder to it's start position and reset
the counter.
6.3 Repeat these first two steps for the remaining four location on sample number one.
6.4 After testing all thirty samples from the HG group test the STD group using the
same procedure.
7.0 Final Report
Summarize the data in a manner that provides mean and standard deviation information by
sheet, location and test group. Using a t test determine whether there is a 95% or greater
confidence that the two populations (HG and STD) are statistical different.
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1.0 Purpose
This experiment was run to identify the average porosity rate and population standard
deviations of two different coated Tyvek raw material lots that were specially
manufactured to yield standard (low) and high Gurley readings.
2.0 Scope
The specific results from this experiment are restricted to the two lots manufactured by
Perfecseal (a.k.a. PaperManufacturers Corporation). However, the knowledge acquired
from this experiment does provide greater insight into porosity performance relative to
emulsion based breathable coatings. The raw material used in this test were produced on
Perfecseal'
s prototype production line for the eventual use in a factorial design of
experiment (DOE) involving burst testing. The results from this test will provide the
required performance information needed to fully characterize the source materials used in
the burst test experiment.
3 . 0 Reference Documents
3 . 1 T0953 Porosity Baseline Test Protocol
3.2 TAPPI T460 os-75 Air Resistance ofPaper
4.0 Materials and Equipment
4. 1 RawMaterials
4.1.1 High Gurley (HG) Sheet
4.1.1.1 Size: 11 7/8 in. Lx 10 in. W, +/- 1/16 in.
4.1.1.2 Material: 1 073B Tyvek with CR273 Heat Seal Coating
4. 1 . 1 .3 Traceability: Lab Sample LS#383-2, Lot #LCRNo. 1201
4. 1 .2 Standard Gurley (STD) Sheet
4.1.2.1 11 7/8 in. L x 10 in. W, +/- 1/16 in.
4. 1 .2.2 1073B Tyvek with CR273 Heat Seal Coating
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4.2.2 Circle Template
4.2.3 Gurley Densitometer Tester
4.2.3. 1 Gurley Instrument: Model No. 41 10, Serial No. 9503303
4.2.3.2 Digital Timer: Model No. 4320, Serial No. 956975
5 . 0 Sample Preparation
5.1 In accordance with the protocol (#T0953) for this experiment, thirty (30) samples
were randomly selected from both groups. All thirty samples from the high Gurley
group were identified with a
"HG,"
and the thirty samples from the low Gurley lot
were marked with
"Std."
5.2 Using a permanent marker, five (5) target areas were created by drawing 1 Vi in.
diameter circles on each lid, reference the attached illustration for specific location
identification.
5.3 The samples were randomized for test order within their group, refer to the
attached sheet for specific information regarding test order and sample number.
6.0 Test Procedure
6.1 All five locations on each sheet were tested in sequential order A through E in
accordance with the test protocol.
6.2 To dilute any operator variation, each group was divided into two subgroups
which were then tested in an alternating pattern (HG, Std, HG, Std). Traceability
of the original sheet number was maintained throughout the test, thus maintaining
the integrity of the randomization effect.
7.0 Results
7. 1 During the first five (5) test samples of the High Gurley group, it was discovered
that the test was performed using 300 cc of air verses the standard 100 cc of air.
All values were divided by three to adjust the data, and the test method error was
corrected. After performing a
"t"
test it was concluded that there is a 95%
confidence that the results from the first five (5) samples are from the same
population as the remaining twenty-five (25).
7.2 Here is a table summarizing the data from the High Gurley group.
All values are in seconds/100 cc/ 1 in
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Summary ofHigh Gurley Samples
Loc A LocB LocC LocD LocE
Mean 177.0 174.5 177.9 164.6 165.8
Std Dev 42.0 34.0 38.6 29.4 29.4
Min 113.9 113.3 118.7 119.4 119.6
Max 258.2 246.2 280.8 277.6 239.3
7.3 Here is a table summarizing the data from the Standard Gurley group.
Summary ofStandard Gurley Samples
Loc A LocB LocC LocD LocE
Mean 68.5 66.4 69.1 65.1 70.5
StdDev 10.1 9.8 9.9 8.0 12.4
Min 53.3 37.5 52.8 48.4 54.5
Max 104.7 84.7 90.2 83.4 101.5
All values are in seconds/100 cc/ 1 in2.
8.0















All values are iri seconds/100 cc/lin2.
It was rather obvious that these two groups have significantly different average porosity
values, but to avoid deviation from the
original test protocol, a
"t"
test was performed.
Results indicate that there is greater than a 95% confidence that these two populations are
statistically different.




-Sealing Process Validation using the PICC Full Procedural Outer Trav with
CR-27 Heat Seal Coated Lidstock (Trav #0396604. Tool #M000314. Machine #PM-
029. Soft Wall Cleanroomin




Manufacturing Engineer Craig Elison
Packaging Engineer Michael Johnson




Report/protocol and data have been reviewed for completeness, prepared according
Procedures, and transferred to Document Control.
to Standard Operating
Protocol T0872, Rev Org
;2of6
1.0 Purpose
The purpose of this document is to provide a procedure for performing a sealing
process validation using the PICC Full Procedural outer tray (p/n 0396604) and CR-27
Heat Seal Coated Tyvek lidstock. Because this is a new heat seal coating, a parameter
search and an edge of failure analysis must be performed in conjunction with this
process validation.
2.0 Scope
This validation protocol applies to those products packaged in the PICC Full Procedural
Kit manufactured by Bard Access Systems (BAS) in Salt Lake City. This validation is
specific to the thermoformed tray (p/n 0396604), the sealing die #M000314 used with
Alloyd sealing machine number PM-029 (asset #02592) in Bard Access Systems (BAS)
soft wall cleanroom number one.
3.0 Applicable Documents
TM0173 Visual Inspection of Package Seals
D310104 Shuttle Sealing Process Validation Procedure
D310074 Development Build Procedure
R0492 PICC Full Level I Sealing Proc Val Report
TM0038 Peel Force Test Method
D33Q235 Feasibility and Qualification Test Doc Procedure
4.0 Acceptance Criteria
4. 1 Individual Defect Acceptance Criteria
Inspect and document any of the following defects: Minimum Seal Width,
Voids, FlangeWarpage, Flange Curling, Channels and Lid Burning. Minimum
Seal Width Measurements are required only for the low machine parameter
settings. The following table lists the seal integrity acceptance criteria, for
additional information regarding measuring techniques or terminology definition
refer to TM0173.
Peel Force Strength (lbs/in) 0.8-3.5
Minimum Seal Width (in.) 0.215
Consistent Adhesive Challenge (in.) 0.125
Maximum Burnt Lid (in.) 2.0
Maximum Flange Curling (in.) 0.25
All visual inspection of seal related defects are to be record on the attached data
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sheets.
4.2 Process Acceptance Criteria
4.2.1 Edge of Failure
Using the Peel Force specification limits listed in the previous table and
the edge of failue analysis results, the process capability (Ppk) must be
greater than or equal to 1 .0.
4.2.2 Process Specification Limits
Using the Peel Force specification limits listed in the previous table and
the process validation test results, the process capability (Ppk) must be
greater than or equal to 1.33.
5.0 Installation Qualification (IQ) and Operational Qualification (OQ)
Before begining the process search, verify that an Installation Qualification and an
Operational Qualification has been successfully completed.
6.0 Sample Selection
All products using this package configuration represent the same amount of internal
bulk, thus resulting in an equal amount of lid deflection. Therefore any one of the
three PICC Full Procedural kits can be used as representative sample for this validation
run.
Product Code Product Name
7715307 Groshong 3.0 Fr Single Lumen PICC Full Procedural Kit
7715407 Groshong 4.0 Fr Single Lumen PICC Full Procedural Kit
7725507 Groshong 5.0 Fr Dual Lumen PICC Full Procedural Kit
7.0 Sample Preparation
Document the components that will be used as samples for the validation run with a
developmental build work order (reference SOP D310074).
8.0 Machine Operating Guidelines
8. 1 When preparing the validation samples, trained production personnel must be
used to operate the Alloyd sealing machine.
8.2 When setting or changing the die temperature, wait three (3) minutes after the
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temperature has reached it's set point before operating.
8.3 Allow sample packages to cool for at least five (5) minutes before performing
any seal evaluation.
9.0 Parameter Search
Note that the manufacturers recommendations for sealing with this coating have been
conviently put into the following table.
Low High
Die Temperature 250F 270F
Dwell Time 5 sec. 6 sec.
Air Pressure 90 psig 100 psig
Other sources of reference information regarding the performance of this sealing
machine and tool can be found in previous level one sealing process validation
(#R0492) involving the CR-90 heat seal coating. Recently a level two sealing process
validation was also completed with this machine in this location also using CR-90 heat
seal coating.
10.0 Edge Of Failure
10. 1 Lower Edge Of Failure
Based on the results from the parameter search activities, select a set of machine
inputs (Die Temperature, Dwell Time and Air Pressure) that will yield outputs
with seals around the one pound specification limit. Samples produced at these
parameters typically have narrow seal widths (< 0.215 in.) and some small
voids that will pass the 1/8 in. adhesive challenge analysis.
10.2 Upper Edge Of Failure
Again using the results from the parameter search, choose a set ofmachine
inputs that will yield outputs with seals that show signs of burning and/or curled
seal flanges. Peel force values should be about two to three pounds, the
primary indicator for selecting upper edge of failure machine parameters is the
asethetics of the seals.
10.3 Sample Preparation
Prepare fifteen samples at both the Lower and the Upper Edge Of Failure
machine settings. Be sure to follow the machine operating guidelines noted in
section 8.0.
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10.4 Sample Evaluation
Perform peel force and visual inspection on all fifteen samples produced at both
settings. Record the results on the attached data sheets. Perform process
capability calculations using the peel force test results. If the Ppk is less than
1
.0, then select new machine inputs accordingly and repeat the Edge of Failure
evaluation. The target area for Ppk analysis is greater than 1.0 but less than
1.33. If the Ppk is substancially greater than 1.33 and the machine inputs still
have a large operating window, indicate this in the final report.
10.5 Final Parameter Selection
Using the results from this edge of failure analysis, identify machine settings
that are within the window of operation that will yield a more uniform adhesive
transfer and peel force results near the target of 1.5 lbs/in..
11.0 Validation Run
Prepare 30 sample trays at the low, nominal and high machine settings that were
established in the previous section.






Visually inspect all samples for defects and measure the minimum adhesive
transfer for all samples manufactured at the low end machine settings.
12.2 Mechanical Testing
Perform peel strength testing on all four sides of all thirty samples from all
three groups (Low, Nominal and High). Testing is to be performed in
accordance with BAS Test Method TM0038 using a calibrated motorized
extensometer. Each side of the tray is to be considered separately for process
capability analysis. However, a one way
analysis of variance can be used to
combine the four sides if it is determined that all of the data is from the same
population.
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13.0 Final Report Preparation & Approval
13.1 Summarize the visual inspection and peel strength test data from the validation
run. Using the standard population standard deviation estimate, calculate the
process capabilities (Ppk) of the peel strength results. Prepare Normality Plots
and Histograms as required to clarify and interpret the capability of the process.
13.2 Prepare a sealing process validation report using the format outline in BAS's
Feasibility and Qualification Test Documentation Procedure (D33Q235).
13.3 The final sealing process validation report is to be approved by a representative
from Quality Engineering, Manufacturing Engineering and Packaging
Engineering.
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1.0 Purpose
This report is to document a validation of a heat sealing process performed with the




This process validation applies to all three (3) products packaged with the PICC Full
Procedural Kit manufactured by Bard Access Systems (BAS) in Salt Lake City.
Sealing Process Validation Product List - Table No. 1
Product Code Product Name
7715307 Groshong 3.0 Fr Single Lumen PICC Full Procedural Kit
7715407 Groshong 4.0 Fr Single Lumen PICC Full Procedural Kit
7725507 Groshong 5.0 Fr Dual Lumen PICC Full Procedural Kit
It is specific to the thermoformed tray (p/n 0396604) with sealing die #M000314 using
Alloyd sealing machine number PM-029 (asset #02592) in Bard Access Systems (BAS)
soft wall cleanroom number one.
3 . 0 Applicable Documents
D310104 Shuttle Sealing Process Validation Procedure
T0872 CR27/PICC Full Sealing Process Val. Protocol
002077 Developmental Build Work Order
TM0038 Peel Force TestMethod
4.0 Acceptance Criteria
4. 1 Individual Defect Acceptance Criteria
All samples were inspected and evaluated according to the acceptance criteria
identified in protocol #T0872.
4.2 Process Acceptance Criteria
4.2.1 Edge of Failure
Using 0.8-3.5 lbs/in peel strength
specification the edge of failure
process capability (Ppk) must be greater than or equal to 1.0.
4.2.2 Process Specification Limits
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Using the same peel strength specification, the sealing process validation
capability (Ppk) must be greater than or equal to 1.33.
5.0 Installation Qualification (IQ) and Operational Qualification (OQ)
As required by BAS SOP D310104 and protocol #T0872, an IQ and an OQ were
successfully completed prior to the start of any validation activity.
6.0 Sample Preparation
6.1 Because all three products using this package configuration represent the same
amount of internal bulk and relative weight, any one of the PICC Full
Procedural kits could have been used as sample material. The Groshong 4.0 Fr
Single Lumen PICC Full Procedural Kit (Code #7715407) was selected as the
test sample configuration, refer to developmental build work order #002077 for
a complete list of raw materials.
6.2 All kits were wrapped by trained production operators using fresh CSR wrap
immediately prior to sealing.
6.3 All machine and sample preparation guidelines listed in the validation protocol
(#T0872) were followed.
7 . 0 Parameter Search
7.1 Perfecseal Coating Specification
The following specifications were recommended by the heat seal coating
manufacturer (Perfecseal Corp.).
Mfg Recommendation
- Table No. 3
Low High
Die Temperature 250F 270F
Dwell Time 5 sec. 6 sec.
7.2 Temperature Profile
Thermalcouples were placed in four separate locations on the heating platen to
verify the actual die temperature,
the following illustration is a map of the
thermalcouples'
locations.
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The parameter search process consisted of creating five (5) samples sealed at
five (5) different machine settings. Below is a table summarizing the average
die temperature readings from all four locations.
Temperature Profile Summary - Table No. 4
Machine Settings Loc 1 Loc 2 Loc 3 Loc 4
268F / 4.8 sec / 92.5 psi 247F 245.4F 249.2T 252.2F
272F / 5 sec / 95 psi 251.4F 250.4F 255.8F 256.2F
278F / 5.5 sec / 97.5 psi 264.5F 255.4F 261F 261.2F
285F/ 4.8 sec/ 92.5 psi 262.2F 260F 264.8F 267.4F
285F/6sec/ 100 psi 259.8F 260.4F 267F 268.4F
With the exception of the final machine settings, location number two (2) was
consistently the coolest area on the heating platen.
7 . 3 Peel Strength Results
Peel strength testing (TM0038) was performed on all four sides of all twenty
five samples produced during the parameters search process. The following












Peel Strength Testing Map
The following table summarizes the peel strength test results according to the
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five different machine settings.
Parameter Search Peel Strength Results - Table No. 5






268F / 4.8 sec / 92.5 psi 1.18 2.11 1.56
272F / 5 sec / 95 psi 1.31 2.22 1.63
278F / 5.5 sec / 97.5 psi 1.49 2.33 1.80
285F/ 4.8 sec/ 92.5 psi 1.46 2.21 1.74
285F/6sec/ 100 psi 1.54 2.38 1.96
All of the maximum values were recorded from location number two (2) on the
peel strength map. Half of the minimum values were observed at location
number one (1) and the other half were recorded at location number three (3).
7.4 Visual Inspection
All twenty five samples produced during this parameter search were found to
have continuous and uniform adhesive transfer. All samples were free of any
flange curl, however some Tyvek burning was observed in the corner area of
samples manufactured at the highest temperature (285F) setting.
8.0 Edge Of Failure (EOF) Analysis
The peel strength data from the parameter search was used to calculate process
capabilities for the EOF analysis. This is a deviation from the protocol, but the
primary objective of this
validation was to establish machine settings that result in a
stable and capable sealing process. A process capability
was calculated for all five
groups using 0.8 to 3.5 lbs/in as the
specification limits.
EOF Process Capability Summary
- Table No. 6
Machine Settings Ppk
268F / 4.8 sec / 92.5 psi 1.28
272F / 5 sec / 95 psi 1.29
278F / 5.5 sec / 97.5 psi 1.45
285F/ 4.8 sec/ 92.5 psi 1.79
285F/6sec/ 100 psi 1.55
8.1
*Edge of failure Ppk must be greater than or equal to 1.0.
Lower Edge Of Failure
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Destructive inspection failed to find any indication of narrow seal widths (<
0.215 in.) or voids requiring usage of the adhesive challenge test. None of the
samples were found to have peel strength values near the lower end of the
specification (0.8 lbs/in). The lowest Ppk value of the three lower machine
settings was 1.28, which is greater than the 1.0 and less than 1.33.
8 . 2 Upper Edge Of Failure
Even though some Tyvek burning was observed at the higher temperature
(285F) settings, the peel strength values were all well below the upper
specification limit of 3.5 lbs/in. The lowest Ppk value for the two upper
machine settings was 1.55. The upper edge of failure for this process was
determined by the aesthetic concerns resulting from the Tyvek lid burning, not
by the process capability calculation.
8.3 Final Parameter Selection
The decision was made to select a machine set point above the manufacturer's
minimum temperature recommendation (reference table No. 3). After adjusting
for the temperature differential between the platen and the temperature gauge,
272F was selected as the minimum temperature set point. Therefore the
following machine settings were recommended and used for the validation runs.
Recommended Machine Settings - Table No. 7
Low Nominal High
Die Temperature 272F 278F 286F
Dwell Time 5 sec. 5.5 sec. 6 sec.
Air Pressure 95 psig 97.5 psig 100 psig
9.0 Validation Run
Thirty (30) fully loaded sample kits were sealed at each of the recommended machine
settings; low, nominal and high.
10.0 Validation Results
10. 1 Visual Inspection
All sample kits were visually inspected for defects. The adhesive transfer for
samples manufactured with the low machine settings were also measured for
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minimum seal width. One sample was found to have a void 0.047 in wide with
remaining adhesive transfer measuring 0.163 in, this passed the 1/8 in challenge
rule. The smallest minimum seal width was 0.226 inches and the mean of all
thirty (30) measurements was 0.261 in, with a standard population standard
deviation of 0.014 in.
10.2 Peel Strength Results
Peel strength testing was completed on all four sides of all ninety (90) samples
manufactured during this sealing process validation.
Average Peel Strength Values (lbs/in) - Table No. 8
Machine Settings Loc 1 Loc 2 Loc 3 Loc 4
Low 1.49 1.84 1.45 1.61
Nominal 1.63 1.84 1.65 1.68
High 1.94 2.17 1.88 1.94
The peel strength values for all runs were within the required specification
limits of 0.8 to 3.5 lbs/in. The lowest peel value (1.28 lbs/in) occurred on
location number three (3) from a sample run during the low validation run.
While evaluating samples from the high validation run, the highest peel value
(2.59 lbs/in) was observed on location number two (2).
10.3 Process Capability Analysis
An analysis of variance between the data from each of the four sides for all
three groups (Low, Nominal and High) was performed using
Minitab (version
10.51) software. The results of this analysis indicated that each side is a
separate population. Therefore process capabilities were calculated for each
machine parameter on each side of the tray.
Process Capability Results (Ppk)
- Table No. 9
Machine Settings Loc 1 Loc 2 Loc 3 Loc 4
Low 2.28 1.68 1.79 1.91
Nominal 1.71 1.74 1.96 1.46
High 1.64 1.61 2.06 1.52
?Process capability (Ppk) must be greater than or equal to 1.33.
All locations exceeded the required 1.33 process capability acceptance criteria.
11.0 Discussion
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The Perfecseal CR-27 heat seal coating has a much wider operating window than the
CR-90. CR-90 is the only heat seal coating that is currently used by BAS with the
PICC Full Procedural package configuration. It was the material used when the peel
strength specification was originally established for BAS. A more expanded EOF
investigation using the CR-27 heat seal coating could provide better definition of the
real operating window.
12.0 Conclusion
This level I sealing process validation is considered ACCEPTABLE using the following
machine parameters:
Final Machine Settings - Table No. 10
Low Nominal High
Die Temperature 272F 278F 286F
Dwell Time 5 sec. 5.5 sec. 6 sec.
Air Pressure 95 psig 97.5 psig 100 psig
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1 .0 Purpose
To identify a range of air flow settings required to burst test the PICC Full Procedural
outer package configuration, this design has a breathable lid with a rigid tray. Using the
T.M. Electronics closed package seal strength test system, this experiment will establish
the nominal flow setting with the autoset feature and then run samples above and below
this setting. This approach will be used with four different variations of this package
design.
2.0 Scope
This protocol is limited to testing of the PICC Full Procedural tray design sealed with
CR-
27 heat seal coated 1073B Tyvek lidstock. This test is designed to establish a realistic
operating range for air flow during burst testing so that it can be used in as a dependent
variable in a design of experiment (DOE) involving burst testing.
3 . 0 Applicable Document
3 . 1 ASTM F 1 140 - 88 Standard TestMethods for Failure Resistance of
Unrestrained and Nonrigid Packages forMedical
Applications.
3.2 Rl750 Establishing Porosity Baseline for RawMaterials
3.3 R1617 Sealing Process Validation CR-27 Heat Seal Coating
4.0 Test Articles
4. 1 RawMaterials
4.1.1 Heat Seal Coated Lidstock
4.1.1.1 Substrate: 1073B Tyvek
4.1.1.2 Size: 11 13/16 in. x 9 15/16 in.
4. 1 . 1 .3 Adhesive: Emulsion Based Full Coverage Coating (PM Co.
CR273 Standard and CR273 with High Gurley)
4.1.1.4 Supplier: PM Company
4. 1 .2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4.1.2.1 Size: 11 13/16 in. Lx 9 15/16 in. Wx 3 5/8 in. H
4. 1 .2.2 Material: 45 mil PETG with single sided Silicone coated
4.1.2.3 Supplier: Prent Corp.
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Size: 6 3/4 in. x 8 in.
Material: 41 # UncoatedWhite Offset Paper Stock with
Permanent Pressure Sensitive Adhesive
Supplier: Brown Bridge Corp.
4.2. 1 Calibrated 1 8 in. long Steel Rule
4.2.2 Digital Vernier Caliper
4.2.3 1/4 in. Dia. Coring Punch & Hammer
4.2.4 T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
4.2.5 T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF-185
4.2.6 Burst Test Restraint Fixture - Asset # M0005 12
5.0 Sample Selection
Breathable area is control through use of a paper lid label which blocks off approximately
54% of the breathable area. High and low porosity is control through the use of two
specially manufactured coated Tyvek lidstock created to yield a nominal (68 sec.) and high
(172 sec) Gurley values. These porosity values were established during a previous
experiment, Report #R1750. The following table has been generated to illustrate how
material porosity and breathable area are mixed to create the four package design










Ten (10) samples are to be prepared for each of the four package design variations,
resulting in a total of forty (40) samples.
TestingMatrix
Four of the ten samples from each group are to be tested using the autoset function on the
Protocol #T0930, Rev. Org.
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BT-1000 control system. The remaining six samples are to be split into two groups of
three and tested at lower and higher flow rate settings. It is recommended that the
increase and decrease in the manually set air flow values be at least two units from the
autoset value, however the limitation of the equipment may restrict the final selection.
Refer to the following table for additional clarification on how each package configuration
is to be tested.
Table No. 2





4 3 3 10
7.0 Test Outputs
There are three types ofoutputs that will be recorded from this experiment; burst pressure
(psig), location ofburst on package and quality of test plot (pressure verses time).
8.0 Sample Preparation
8.1 Randomly select ten lids from both the standard and the high Gurley lots and apply
the pressure sensitive paper label to the middle of each lid.
8.2 Locate the center of the lid witht the steel rule. Punch a thru whole in the middle
of each lid using the 0.25 in. diameter coring punch. This hole will be used to
access the burst needle during the test.
8.3 Using table #2 as a guide, seal all forty (40) samples using the nominal machine
settings noted in the following table.
Table No. 3
Temperature Dwell Time Pressure
278
F 5.5 sec 97.5 psi
These parameters were established with sealing process validation using the CR-27
Heat Seal Coated lidstock (reference report #R1617).
9.0 Test Procedure
9. 1 Set the restraining fixture (MOOOxxx) to a height of 3 7/8 inches, which is 1/8 in.
higher than the blister height. Set the air flow to the proper rate, based on the
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previously mentioned study and based on the run requirements.
9.2 Prep each port with the double backed adhesive gasket, keep the release liner
intact until ready to apply to the lid.
9.3 Press fit the tubular portion of the port over the tapered air supply and sensor
fitting. Make sure that the air supply fixture is in the up position when the port is
applied.
9.4 Place the test sample under the restraining fixture so that the thru hole on the lid is
aligned with the thru hole of the port.
9.5 Lower the fixture until the flange of the port is flush with the lid surface, apply a
slight amount ofpressure to insure proper adhesion of the gasket.
9.6 Lock the air supply fixture into place and activate the burst test sequence. Note
that each test will have a pre-fill operation followed by the actual burst step.
9.7 After testing each sample record the burst pressure (psig), time to burst (sec.) and
the burst location on the attached data sheets.
9.8 Repeat steps 8. 1 through 8.7 for each package in the run.
10.0 Final Report
Calculate and summarize the average burst value and average time to burst for each
package configuration (reference Table No. 1). Summarize the same information for each
machine set-up identified in the testing matrix (Sec. 6.0).
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1.0 Purpose
This experiment was run to identify a range of air flow settings required to burst test the
PICC Full Procedural kit outer package configuration.
2.0 Scope
The results from this experiment are limited to testing of the PICC Full Procedural tray
sealed with CR-27 heat seal coated 1073B Tyvek lidstock. This test is designed to
establish a realistic operating range for air flow during burst testing so that it can be used
in as a dependent variable in a design of experiment (DOE) involving burst testing.
3 . 0 Reference Documents
4.0





88 Standard Test Methods for Failure Resistance of
Unrestrained and Nonrigid Packages forMedical
Applications.
Porosity Baseline for RawMaterials
Sealing Process Validation CR-27 Heat Seal Coating
4.1.1 Heat Seal Coated Lidstock
4.1.1.1 Substrate: 1073 Tyvek
4.1.1.2 Size: 11 13/16 in. x 9 15/16 in.
4.1.1.3 Adhesive: Emulsion Based Full Coverage Coating
4.1.1.4 Supplier: Perfecseal Corporation
4.1.1.5 Porosity
4.1.1.5.1 CR273 Standard - 68 sec/100 cc
4.1.1.5.2 CR273 with High Gurley - 172 sec/100 cc
4. 1 .2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4.1.2.1 Size: 11 13/16 in. x 9 15/16 in. x 3 5/8 in.
4. 1 .2.2 Material: 45 mil PETGwith single side Silicone coated
4.1.2.3 Supplier: Prent Corp.
4. 1 .3 Pressure Sensitive Label
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Size: 6 3/4 in. x 8 in.
Material: 41 # UncoatedWhite Offset Paper Stockwith
Permanent Pressure Sensitive Adhesive







Calibrated 18 in. long Steel Rule
Digital Vernier Caliper
1/4 in. Dia. Coring Punch & Hammer
T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF-185
Burst Test Restraint Fixture - Asset # M000512
5.0 Test Procedure
5 . 1 Sample Preparation
5.1.1 After randomly selecting twenty (20) Tyvek lids from both the standard
and the high Gurley lots, a 1/4 in. thru hole was punched in the center of
each lid.
5. 1 .2 All forty test samples were assembled and sealed at nominal machine
parameters as established by the sealing process validation (reference
report #R1617) and in accordance with the protocol for this test. This
required ten kits in the four different package configurations. Table
number one shows the four different sample configurations that were





Yes No Std High
1 X X
2 X X
3 X x 1
4 X X |
5.1.3 Each often was further divided into three subgroups according to the
following table.
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Table No. 2
Low Nominal High Total
10
5.2 Nominal (Auto-Set) Testing
The sample kits from the nominal subgroup were tested using the auto-set function
on the BT-1000 control system. The following machine set-up parameters were




Line Pressure 40 psig
Burst Cycle Time 3.0 sec jj
Using these settings, a flow rate of eight (8) porosity was selected by the auto-set program
as the default. In the protocol this group was originally identified as the Auto-Set group,
however on the data sheets this group is referred to as the nominal setting.
5.3 LowMachine Settings
Three of the remaining six samples from each package configuration were tested
with an air flow setting of six (6), keeping all other test parameters the same as
those identified in table number 3.
5.4 HighMachine Settings
The last three samples from each configuration were then tested with an air flow
setting ofnine (9). Once again all other test parameters remained consistent with
the nominal group.
6.0 Results
6. 1 Here is a table summarizing the results of this experiment. Each burst and time
value listed in this table is actually an average of the three or four values recorded.



























Standard Lid Combined Avg & SD 1.817/0.088 0.80/0.268






















High Gurley Lid CombinedAvg & SD 1.835/0.06 0.755/0.139
1.83 0.78





































7. 1 The results show a very high standard deviation relative to the small difference in
the means of the two raw material groups (Standard and High Gurley lidstock).
The following table illustrates how this large process variation make it difficult to
compare the results of these two groups.




Overall Standard Lid Mean 1.817
Overall Standard LidMean + 3 sd 2.08
Overall Standard LidMean - 3 sd 1.55
Overall High Gurley LidMean 1.835
7.2 This trend also raises concerns about operator technique, machine sensitivity and
parameter selection. Refer to the recommendation section of this report for
suggestions on how to set-up the next test to better analyze these concerns.
7.3 The burst values from samples without pressure sensitive (PS) labels appear to
have a positive correlation with the air flow setting. Samples manufactured with
PS labels and tested with the high air flow setting deviate from this pattern. This
group did have a very low standard deviation, and it does have the lowest overall
burst value.
7.4 Given the fact that all of the test samples burst on side #1, it may be suggested that
this is a very consistent and repeatable test method. The location of the burst can
be influenced by the seal strength and the geometry of the thermoformed blister.
7.5 There appears to be an inverse relationship between the burst level and time to
burst. With the exception of the samples tested with label at a high
"porosity"
set
point, the average time to burst became shorter as the burst value increased.
7.6 Population standard deviation of average time to burst was consistently higher for
both groups (with and without label) tested at the lower air flow rate. This
suggests that time to burst varies more as the flow rate is reduced. It may be more
significant to note, that the average time to burst was approximately 62% longer
(75.2% without label and 49.6% with label).
8.0 Conclusion
Because of the high standard deviation and the small mean differential, it is unrealistic to
expect any valid conclusions from such a small sample size. There appears to be a greater
amount ofvariation in this test process than was believed when the protocol was written.
Because of this lack of confidence in the accuracy of this experiment, a new approach
must be considered and this test must be revised to achieve satisfactory results. Burst
values of samples produced with the standard lidstock (1.82 psi) are lower than those
tested with the high Gurley lidstock (1.84 psi), however the results are not statistically
valid and this test was not designed to quantify this difference.
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9.0 Recommendations
9. 1 Adjust the test cycle time to be closer to the actual burst time, this will provide
improved plot resolution. Keep same set points for surface area (or package size)
and air supply.
9.2 Select a larger sample size for each group and minimize the number of subgroups.
Avoid the mistake ofusing too many design features and raw materials, use only
one lid material and delete use ofPS label.
9.3 Test results should focus on how the air flow setting effects a standard package
design sealed at nominal parameters. Select two separate flow rates at both the
low and the high air flow test parameters, this will provide a better perspective to
assess the upper and lower failure threshold of this design.
9.4 Randomize the test sequence to minimize the effects ofoperator technique.
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1.0 Purpose
To identify a range of air flow settings on the T.M. Electronics burst tester for use on the
PICC Full Procedural outer package design. The objective of this experiment is to
establish minimum and maximum flow settings for burst testing this breathable/rigid
package configuration.
2.0 Scope
This protocol is limited to burst testing of the PICC Full Procedural tray design sealed
with CR-27 heat seal coated 1073B Tyvek lidstock. The test is designed to establish a
range of air flow settings that can be used as a dependent variable in a design of
experiment (DOE) involving closed package burst testing.
3.0 Applicable Document
3 . 1 ASTM F 1 140 - 88 Standard TestMethods for Failure Resistance of
Unrestrained and Nonrigid Packages forMedical
Applications.
3.2 Rl6 17 Sealing Process Validation CR-27 Heat Seal Coating
3.3 R1714 Air Flow Setting Design ofExperiment #1 Report
4.0 Test Articles
4. 1 RawMaterials
4.1.1 Heat Seal Coated Lidstock
4.1.1.1 Substrate: 1073 Tyvek
4.1.1.2 Size: 11 13/16 in. x 9 15/16 in.
4.1.1.3 Adhesive: Emulsion Based Full Coverage Coating
(Perfecseal CR273 Standard heat seal coating)
4. 1 .2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4.1.2.1 Size: 11 13/16 in. Lx 9 15/16 in. Wx 3 5/8 in. D
4. 1 .2.2 Material: 45 mil PETGwith single side Silicone coated
4.1.2.3 Supplier: Prent Corp.
4.2 Test Equipment
4.2. 1 Calibrated 18 in. long Steel Rule
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4.2.2 Digital Vernier Caliper
4.2.3 1/4 in. Dia. Coring Punch & Hammer
4.2.4 T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
4.2.5 T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF-185




Randomly select all fourty (40) lids from the standard Gurley raw material lot.
Using the steel rule locate the center of each lidstock and mark this spot with a fine
tipped marker. Using the 0.25 in. diameter coring punch create the thru whole,
this is done to provide access for the burst fixture after the lids are sealed to the
trays.
5.3 Seal all forty (40) samples at the following nominal machine settings.
Table No. 1
Temperature Dwell Time Pressure
278
F 5.5 sec 97.5 psi
These parameters were established with sealing process validation using the CR-27
Heat Seal Coated lidstock (reference report #R1617).
6 . 0 Test Procedure
6. 1 Test Conditions and Machine Set-up
Lock the restraining fixture (M000512) plate to a height of 3 7/8 inches, which is
1/8 in. higher than the blister height. Set the machine air pressure to 40 psi and
select the appropriate air flow and test time parameters according to the following
table.
Table No. 2
Group ID Quantity Test Time (sec) Flow Rate
A 10 5.0 4
B 10 4.0 6
C 10 2.5 12
D 10 2.0 14
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Each group often (10) samples has been split into two subgroups (I and II) of five,
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6.2 Prep each port with the double backed adhesive gasket.
6.3 Press fit the tubular portion of the port over the tapered air supply and sensor
fixture. Make sure that the air supply fixture is in the up position when the port is
applied.
6.4 Place the test sample under the restraining fixture so that the thru hole on the lid is
aligned with the thru hole of the port.
6.5 Lower the fixture until the flange of the port is in contact with the lid surface,
apply a slight amount ofpressure to insure proper adhesion of the
gasket.
6.6 Lock the air supply fixture into place and activate the burst test sequence.
Note
that each test will have a pre-fill operation followed by the actual burst step.
6.7 Record the pressure and time required to burst, then document the burst location
and copy the burst plot on the data sheets
(refer to Attachment A).
6.8 Repeat steps 6.2 through 6.7 for each package in the run.
6.9 Adjust the burst test parameters according to the tables in section 6. 1 and proceed
with the next run.
7.0 Evaluate Results
Study each plot to determine whether it fit the
standard profile of a good plot. A good
plot is one that shows a steady rise in the internal air pressure and
has a sudden drop-off




8. 1 Summarize the average burst pressures and time to
burst by subgroup and group.
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Note the standard deviations of all groups and subgroups.
8.2 Report on any trends or relationship that the data supports relative to the air
flow
settings. Consider the use of any data that has an abnormal plot, care should be
used if it is used for trending analysis of the process.
8.3 Make a recommendation for the lowest and highest flow rate that can be used with
this package configuration and still achieve consistent results.
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1.0 Purpose
The objective of this experiment was to establish minimum and maximum flow settings for
burst testing the PICC Full Procedural outer package design.
2.0 Scope
The results from this experiment are limited to testing of the PICC Full Procedural tray
sealed with CR-27 heat seal coated 1073B Tyvek lidstock. This test is designed to
establish a realistic operating range for air flow during burst testing so that it can be used
in as a dependent variable in a design of experiment (DOE) involving burst testing.
3.0 Reference Documents
3 . 1 T0954 Air Flow Setting Design ofExperiment #2 Protocol
3.2 R1714 Air Flow Setting Design ofExperiment #1 Report
4.0 Test Articles
4. 1 RawMaterials
4.1.1 Heat Seal Coated Lidstock
4.1.1.1 Substrate: 1073B Tyvek
4.1.1.2 Size: 11 13/16 in. x 9 15/16 in.
4.1.1.3 Adhesive: Emulsion Based Full Coverage Coating
4.1.1.4 Supplier : Perfecseal Corporation
4.1.1.5 Porosity: CR273 Standard - 68 sec/100 cc
4.1.2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4.1.2.1 Size: 11 13/16 in. x 9 15/16 in. x 3 5/8 in.
4. 1 .2.2 Material: 45 mil PETG with single side Silicone coated
4.1.2.3 Supplier: Prent Corp.
4.2 Test Equipment
4.2. 1 Calibrated 18 in. long Steel Rule
4.2.2 Digital Vernier Caliper
4.2.3 1/4 in. Dia. Coring Punch & Hammer
4.2.4 T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
4.2.5 T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF-185
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4.2.6 Burst Test Restraining Fixture - Asset # M0005 12
5.0 Sample Preparation
Forty (40) sample kits were prepared in accordance with the protocol for this test
(reference #T0954).
6.0 Test Procedure
6. 1 Test Conditions andMachine Set-up
The restraining fixture (M000512) plate was set to a height of 3 7/8 inches and the
air pressure was set at 40 psig.. Air flow set points and test time parameters were
set for each test group according to the following table.
Table No. 1
Group ID Quantity Test Time (sec) FlowRate
A 10 5.0 4
B 10 4.0 6
C 10 2.5 12
D 10 2.0 14
Each group often (10) samples was divided into two subgroups (I and II)
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6.2 The specific instructions provided in the protocol involving test technique were
strictly followed.
7.0 Results
7. 1 The burst location, burst pressure, burst time and a copy of the burst plot were
recorded for each test on the required data sheets.
7.2
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Here is a table summarizing the results of this experiment. Each burst and time
value listed in this table is actually an average of the five (5) values recorded.
AirFlow DOENo. 2 Test Results Summary (Table No. 3)















































Second Set ofTests for Each Group 1.96/0.268 1.13/0.996
Overall 1.935 1.103
7.3 The following table illustrates the differences between the first five test runs and
the second set of five runs.
Repeat Comparison (TableNo. 4)
Run#
Burst Time


























8. 1 The low setting in the first Air Flow experiment was six (6) for air flow rate with a
three (3) second cycle time, the results from this setting correlate well with the
Group B (air flow 6-cycle time 4.0 sec). The overall burst average from the low
setting of the first test was 1.82 psi with an
average time to burst of 1.06 seconds,
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Group B for this test was 1 .80 psi with an average time to burst of 1 .05 seconds.
8.2 The lowest average burst value came from group A (run #3) and the highest
average burst value came from group D (run #6). This is consistent with the trend
observed in the results from the first Air Flow DOE test when looking at
Combined Lids without label. Lower air flow rates yield lower burst values and
higher air flow rates had higher average burst values.
8.3 The burst location on all of the test samples was Side #1, this suggest that this is a
very consistent and repeatable test method. Contributing factors to this consistent
burst location are that either side one is the weakest or that the package geometry
is affecting the air pressure uniformity.
Peel strength data from the sealing process validation (#R1617) indicates that side
number three (3) has the lowest individual peel value (1.28 lbs/in). Results from
the seal validation also shows that side three has the lowest average peel strength
(1.66 lbs/in), the second weakest average was side number one (1.69 lbs/in).
8.4 When the first four groups (A B, C and D), containing five samples each, were
tested it was observed that the technique used by the test operator was deflecting
the lid in a downward direction. Because of this observation, the test technique
was modified to eliminate lid deflection caused by the air supply fixture. After
securing the adhesive to the lid, the fixture was raised so that the flange side of the
air port was level with the plane of the lid. Consequently runs five through eight
were tested with less pressure on the lid.
Table 3 in the results section illustrates that the average burst value decreased by
approximately 3-4% during the second set of five when the air port was fixed at
the same level as the lid plane. For the two groups with the high flow rates, both
burst averages increased (7.8% and 12.4%) when the pre-load from the test fixture
was eliminated. The burst test standard deviations for groups without lid
deflection decreased in every case except group C.
8.5 Results from group A had the longest average time to burst (2.58 sec.) and it also
represents the lowest air flow rate, approximately 146% longer than group B
which has a flow rate setting 2 faster. This indicates that lower air flow rates
result in the longer time to burst. At the higher air flow rate settings (12 and 14)
this trend is less apparent, the average burst time for the two upper flow rates only
differed by 0.02 seconds (approximately 5.5% difference), which suggests that this
relationship flattens out as the flow rate increases.
8.6 The lower flow rate settings also exhibited the highest population standard
deviation values. These results are consistent with the initial air flow DOE where
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the time to burst varied more at the lower flow rates. This suggests that material
porosity has more of an effect the longer the burst test runs, the air escaping
through the lid has minimal effect with the faster burst tests.
8.7 A direct relationship was observed between the standard deviation and the average
burst values as the flow rate settings increased. Test results with the lower flow
rates experienced a 3.7% variance relative to the mean, verses air flow settings for
groups C and D showed a 10.9% variance. This means that as the air flow rate
increases that the results will have more variability. One reason for this may be the
limitations of the hardware and it's ability to sample accurately at the faster burst
rates.
9.0 Conclusion(s)
9. 1 Because burst values were similar (for similar machine settings) and all test
samples failed in the same location, some correlation exists between the first Air
Flow DOE (#R1714) and this experiment. The results of this experiment showed a
stronger relationship between flow rates and burst values, high air flow settings
with short cycle times consistently resulted in higher burst pressure and shorter
time to burst.
9.2 All failures occurred on the second weakest side according to peel strength test
results, indicating that burst test results do not always correlate with peel strength
results.
9.3 The results of this test demonstrated that operator technique can effect the burst
values, therefore all future burst testing should require a re-alignment of the air
port to be level with the tray flange.
9.4 A realistic operating range for burst testing the PICC Full Procedural package
configuration with the T.M. Electronic system is to use an air flow rate of four (4)
as the minimum and twelve (12) as the maximum setting.
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1.0 Purpose
To determine how significant package volume, input air flow rate, porosity rate and
porous area are when burst testing rigid breathable packages. These inputs have been
selected as four key factors for this Design ofExperiment (DOE) involving closed
package burst testing. The results of this test will provide information for determining if
any significant interactions exist between these factors and it will quantify the error factor
inherent to with this test method.
2.0 Scope
4.0
This protocol is limited to burst testing of rigid thermoformed trays sealed with heat seal
coated Tyvek lidstock. Results from this experiment may be compared to other closed
package burst testing that involves the use of restraining plates and the T.M. Electronics
package test system.
3 . 0 Applicable Document







88 Standard TestMethods for Failure Resistance of
Unrestrained and Nonrigid Packages forMedical
Applications.
Air Flow DOE #2
Sealing Process Validation CR-27 Heat Seal Coating
Lid Label Ultraviolet Light TestMethod
Bard Access Systems Seal Strength TestMethod
4.1.1 Heat Seal Coated Lidstock
4.1.1.1 Substrate: 1073B Tyvek
4.1.1.2 Size: 11 13/16 in. x 9 15/16 in.
4. 1 . 1 .3 Adhesive: Emulsion Based Full Coverage Coating (PM Co.
CR273 Standard and CR273 with High Gurley)
4.1.1.4 Supplier : Perfecseal Corporation
4. 1 .2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4.1.2.1 Size: 11 13/16 in. Lx 9 15/16 in. Wx 3 5/8 in. H
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4.1.2.3 Supplier: Prent Corp.
4.1.3 Pressure Sensitive Label - BAS p/n 0397505
4.1.3.1 Size: 6 3/4 in. x 8 in.
4.1.3.2 Material: 4 1 # UncoatedWhite Offset Paper Stock with
Permanent Pressure Sensitive Adhesive












Calibrated 18 in. long Steel Rule
Digital Vernier Caliper
Gurley Densitometer - Model No. 41 10
1/4 in. Dia. Leather Coring Punch & Hammer
T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF
ChatillonMotorized Test Stand
Chatillon Force Gauge
4.2. 10 Burst Test Restraint Fixture - Asset #M0005 12
5.0 Sample Identification
5. 1 This test is designed to analyze the effects of four response variables; package
volume, porosity rate, porus area and input air flow rate. A high and low input for
each factor (or independent variable) has been identified so that a measurable
output can be used to determine whether or not the variable is significant. It is
important to maximize the difference between the high and the low inputs, but stay
within realistic operating range. The inputs for the response variables are to be
set-up according to the following table.
Table No. 1










Input Air Flow Rate Slow (4) Fast (12)
In sections 5.1.1 through 5. 1 .4 each factor has been assigned a coded value (ie. Xl5
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X2,X3andX4).
5.1.1 Volume ofPackage (Xt)
Large variable measures 290.66
in3
+/- 5% (or 4765 cc), which is the
product of an empty tray's internal length, width and depth dimensions.
Because of the geometry of the tray includes radius corners and a chevron
corner, the volume dimension was generated using the original computer
aided design program. The small variable will be 199 in3, which is based on
the difference between the maximum volume of the tray less 750 ml of
water contained in a PICC Full Procedural kit. To provide better control
and to minimize accidents involving the water, a zip lock bag is to be used
for containment.
5.1.2 Porosity (X2)
The low and high breathability limits are determined by the average
porosity rates of the two different lidstocks. High and low porosity is
control through the use of two specially manufactured coated Tyvek
lidstock materials. During the porosity baseline experiment (reference
report #R1750) the average Gurley-Hill values for these two lots were
found to be 68 sec/lOOcc for the standard material and 172 sec/lOOcc for
the high porosity material.
5.1.3 Porus Area (X3)
The breathable area of the tray will be equal to the area inside the inner tray
flange (1 1 in. x 9 1/8 in. = 100 3/8 in2.). Approximately fifty four percent
(54%) blockage of the lid will be achieved by using a pressure sensitive
paper label. Using a standard Gurley densitometer, the air flow rate
through the label stock was measured to be greater than 1800 seconds.
According to TAPPI 460 this material exceeds the conditions of this test
method. Therefore for the purposes of this experiment the label is
considered non-porus.
5.1.4 Input Air Flow Rate (X4)
The input air pressurization rate used to burst the packages is selected with
the BT-1000 control unit during each test set-up. The low (4) and high
(12) flow rate settings were established during an air flowDOEs (reference
report #R1751) using this package configuration.
5.1.5 Number ofRuns
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This test will be a two level four factor (24) design of experiment with two
replicates. Therefore the total number of runs will be two runs of sixteen
(16) or thirty two (32) runs in total.
5.2 Outputs
This test will monitor two different types ofoutputs; burst pressure (psi) and peel
strength (lbs/in). As a contingency plan, an additional sample (identified as retain)
will be manufactured for unexpected sample failures or accidental sample
destruction. There will be a total of seven (7) samples per run, tested according to
the following table.
Table No. 2
Burst Pressure Peel Force Retain Total
5 1 1 7
5.3 Constants
Independent variables of the burst process are those elements that have been
identified as having minimal impact or are considered manageable in the context of
this experiment. T.M. Electronic's patented molded air access ports with double-
backed adhesive attachment system was selected because it is believed that this
system will reduce air leakage around the access hole. Below is a table listing
several more variables who's impact will be minimized either by controlling or
standardizing these them during the test.
Test Constants List (Table No. 3)
Independent Variables Standard
Upperward Lid deflection (restraining fixture) 0.125 in.
Heat Seal Coating CR 27, Emulsion Based
Sealing Conditions Nominal Machine Settings
Seal Geometry Rectangular
Inflation hole size 1/4 in. Diameter
Inflation hole location Center ofPackage
Tray loading or component Minimum 1 in. Headspace
Tray flexure Same Tray
Environmental conditions 20-26C, 40-60% RH




Randomly pull one hundred and twelve (112) sheets ofheat seal coated lidstock
from the group with the high Gurley values (Low Porosity Rate). Then select one
hundred and twelve (112) of the standard Gurley (High Porosity Rate) lids.
Table No. 4
Description Lot No. Quantity (sheets)
High Gurley LCRNo. 1201 112
Standard Gurley M64395 112
Total Sheets 224
6.2
6.1.1 Coating Consistency Inspection
Visually inspect the heat seal coating on all of the lidstock material with a
black light and high intensity white light. Using a high lighter identify any
irregularities and thin spots in the coating. If samples are found to have
excessive defects, new samples from the appropriate lot may be
substituted.
6.1.2 PorosityMeasurements
Refer to the Porosity study performed on the two raw material groups for
details of the porosity measurements and material variation.
6.1.3 AccessWhole Preparation
Pre-punch the access whole for the burst needle in the desired access
location on the lidstock. This location will be the intersection of the
midpoints of the four sides, as measured from the inner edge of the seal
flange. Mark this spot on all lids with a fine tipped marker, then using the
0.25 in. diameter coring punch create the thru whole.
Rigid Thermoformed Trays
Randomly pull two hundred twenty four (250) trays from one thermoformed (or
pressure formed) production lot.
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6.2.1 Dimensional Variation of the Tray
Randomly select five (n=5) sample trays from the 250 pieces pulled for this
experiment. Fully characterize the dimensional variation of each sample.
This involves measuring five flange thicknesses from each sealing surface
and five wall thickness measurements on each side of the tray.
6.2.2 Visual Inspection
Inspect all two hundred and fifty trays for forming defects like excessive
flow lines, thin spots, embedded particulate, shipping damage or surface
irregularities observed during this inspection.
6.2.3 Tray Filler Preparation
Fill one hundred and sixty (160) zip lock polyethylene bags with 750 ml of
waters and secure the closure, double bagging is permissible if leakage is a
problem.
7.0 Sample Preparation
7. 1 Sample Assembly
Prepare twenty eight (28) samples for each of the eight (8) package
configuarations outlined in the following table. Two bags ofwater (reference
section 6.2.4) are required for each package configuration that requires filler.
Sample Preparation (Table No. 5)
Pkg
Config
Lid Label (X3) Filler Material (X,) Lidstock Type (Xj)
Yes (-) No(+) Yes (-) No(+) Std (+) High(-)
A X X X
B X X X
C X X X
D X X X
E X X X
F X X X
G X X X
H X X X
7.2
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Seal all samples using the nominal machine settings noted in the following table.
These parameters were established with sealing process validation using the CR-27
Heat Seal Coated lidstock (reference report #R1617).
Table No. 6
Temperature Dwell Time Pressure
278
F 5.5 sec 97.5 psi
8.0 Test Procedure
8. 1 Below is a table that has been generated to randomize the runs within each test.
The letters in the following table correlate with the sample preparation table (No.
5), the + and - identify the air flow rate (reference section 5. 1 .4, variable X4) that is
to be used during the burst test.
Table No. 7
TestNumber One
Run#l Run #2 Run #3 Run#4 Run #5 Run#6 Run#7 Run #8
C- D- E- F- H- A- A+ G+
Run#9 Run#10 Run#ll Run#12 Run#13 Run#14 Run #15 Run#16
B- E+ H+ G- F+ B+ C+ D+
Test Number Two
Run #17 Run #18 Run #19 Run#20 Run #21 Run #22 Run #23 Run #24
A- E+ E- F- H+ B- H- G-
Run#25 Run #26 Run#27 Run#28 Run #29 Run#30 Run#31 Run#32
B+ F+ D+ A+ D- C- C+ G+
8.2 Set-up the restraining fixture stop to a height of 3 3/4 inches, which is 1/8 in.
higher than the blister height. Set the air flow to the proper rate, based on the
previously mentioned study and based on the run requirements.
8.3 Prep each port with the double backed adhesive gasket, keep the release liner
intact until ready to apply to the lid.
8.4 Place the test sample under the restraining fixture so that the thru hole on the lid is
aligned with the thru hole of the port.
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8.5 Press fit the tubular portion of the port over the air supply and sensor tubes. Make
sure that the air supply fixture is in the up position when the port is applied.
8.6 Lower the fixture until the flange of the port is flush with the lid surface, apply a
slight amount ofpressure to insure proper adhesion of the gasket. If the lid is
deflected inward when securing the adhesive, then back-off the pressure so that the
flange of the air port is parallel to the tray flange.
8.7 Lock the air supply fixture into place and activate the burst test sequence. Note
that each test will have a pre-fill operation followed by the actual burst step.
8.8 Using the attached data sheets, record the burst pressure, time to burst, location of
the burst and sketch the graph for each sample tested.
8.9 Repeat steps 8.2 through 8.8 for each test sample in the run.
9.0 Evaluate Results
9. 1 Study each plot to determine whether it fit the standard profile of a good plot. A
good plot is one that shows a steady rise in the internal air pressure and has a
sudden drop-offwhen the burst occurs. Identify any plot that is irregular and be
aware that this value may have an abnormal burst pressure.
9.2 Inspect the adhesive transfer in the area where the burst occured. Document any
irregularities or adhesive patterns that are observed.
10.0 Final Report
10. 1 Summarize the average burst pressures and time to burst by subgroup and group.
Note the standard deviations of all groups and subgroups.
10.2 Report on any trends or relationship that
the data supports relative to the air flow
settings. Consider the use of any data that has an abnormal plot, care should be
used if it is used for trending analysis of the process.
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1.0 Purpose
The objective of this experiment was to establish what significance package volume, input
air flow rate, porosity rate and porous area have relative to the burst values of rigid
breathable packages.
2.0 Scope
The results from this experiment are limited to testing of the PICC Full Procedural tray
sealed with CR-27 heat seal coated 1073B Tyvek lidstock. Results from this experiment
can be used for comparative data with other closed package burst testing that use
restraining plates and the T.M. Electronics package test system.
3 . 0 Reference Documents
3 . 1 T093 1 Closed Package Burst Test Design ofExperiment
3.2 R1617 Sealing Process Validation CR-27 Heat Seal Coating
3.3 Rl7 14 Air Flow Setting Design ofExperiment # 1 Report
3.4 Rl75 1 Air Flow Setting Design ofExperiment #2 Report
4.0 Test Articles
All raw materials and test equipment was selected in accordance with the Protocol for this
experiment (#T0931).
4. 1 RawMaterials
4.1.1 Heat Seal Coated Lidstock-Heat Seal Coated 1073B Tyvek
4.1.1.1 CR273 Standard - 68 sec/100 cc
4.1.1.2 CR273 with High Gurley - 172 sec/100 cc
4. 1 .2 Pressure Formed Tray
- PICC Full Procedural Outer Tray (p/n 0396604)
4. 1 .3 Pressure Sensitive Label
- Bard Access Systems p/n 0397505
4.2 Test Equipment
4.2. 1 Calibrated 18 in. long Steel Rule
4.2.2 Digital Vernier Caliper
4.2.3 1/4 in. Dia. Coring Punch & Hammer
4.2.4 T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
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4.2.5 T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF-185
4.2.6 Burst Test Restraining Fixture - Asset #M0005 1 2
5.0 Sample Preparation
5.1 Sample Identification
This test was designed to analyze the effects of four response variables; package
volume, porosity rate, porus area and input air flow (or fill) rate. A high and low
input for each independent variable was identified and tested according to the
following summary table.
Table No. 1
Independent Variables (-) (+)




Breathability (Xj) 172 sec/lOOcc 68 sec/lOOcc




Input Air Flow Rate (XA) Slow (4) Fast (12)
Each factor was assigned a coded value (Xl5 X2, X3 and X4) that was used as an
identifier during the statistical analysis portion of this test.
5.2 Test Outputs
Two basic outputs were evaluated during this test; burst pressure (psi) and peel
strength (lbs/in). A total of seven (7) samples per run were prepared according to
the following table.
Table No. 2
Burst Pressure Peel Force Retain j Total
5 1 1 7
Time to burst, location ofburst and the consistency of the burst plot were also
recorded for each test sample.
5.3 Package Configurations
This test consisted of twenty eight (28) samples for each of the following eight (8)
package configurations.
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Sample Preparation (TableNo. 3)
Pkg
Config
Lid Label (X3) Filler Material (X,) Lidstock Type (Xj)
Yes(-) No(+) Yes (-) No(+) Std (+) High(-)
A X X X
B X X X
C X X X
D X X X
E X X X
F X X X
G X X X
H X X X
5.4 All raw materials were pre-inspected for quality features outlined in the protocol
(#T093 1). The trays were found to be free of excessive flow lines, thin spots,
embedded particulate and shipping damage. Dimensional information regarding
the trays can be found in Attachment I. Using the UV light the coated side of the
lidstockwas found to be uniform and consistently applied.
5.5 Labels were applied to the appropriate lids and each test lid was prepped with a
1/4 in. diameter through hole in it's the center.
5.6 All two hundred and twenty four (224) test samples were prepared in accordance
with protocol #T093 1 . Two bags ofwater were used as filler where required and
all samples were sealed at nominal machine settings.
6.0 Test Procedure
6. 1 Test Conditions and Machine Set-up
The restraining fixture (M000512) plate was set to a height of 3
3/4 inches, the
machine air pressure was set at 40 psig. and the maximum test time was set at 3.0
seconds.
6.2 Testing was performed according to the randomized
run table in the protocol,
except that package configuration H was tested during run #32 while configuration
G was tested during run #21 .
6.3 Each port was prepped with the double backed adhesive gasket according to the
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technique described in the protocol. Sample alignment and test instructions
outlined in the protocol were strictly followed.
7.0 Results
7. 1 The burst location, burst pressure, burst time and a copy of the burst plot were
recorded for each test on the required data sheets (Attachment).
7.2 The following two tables summarize the results of this experiment. Each burst
pressure and time listed in these tables represent an average of the five (5) test
values.
BurstTest DOE Results Test Group No. 1 (Table No. 4)




A 7 + 1.52/0.025 0.32/0.040
6 1.68/0.138 0.34/0.049
B 14 + 1.65/0.010 0.92/0.040
9 1.68/0.191 0.32/0.040
C 15 + 1.76/0.105 1.00/0.110
1 1.83/0.326 0.34/0.049
D 16 + 1.74/0.072 0.98/0.040
2 - 2.12/0.463 0.40/0.110
E 10 + 1.95/0.336 0.34/0.049
3 - 2.47/0.754 0.36/0.049
F 13 + 1.91/0.086 0.96/0.049
4 2.03/0.206 0.34/0.049
G 8 + 2.06/0.374 0.54/0.162
12 1.86/0.112 0.94/0.049
H 11 + 2.03/0.223 0.58/0.147
5 2.06/0.746 0.40/0.110
First Group of Sixteen Runs 1.90 psi
0.57 sec
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BurstTestDOE Results Test Group No. 2 (Table No. 5)




A 28 + 1.78/0.153 0.94/0.049
17 1.67/0.060 0.96/0.049
B 25 + 1.66/0.000 0.96/0.049
22 1.63/0.095 0.94/0.049
C 31 + 1.80/0.186 0.98/0.040
30 1.81/0.063 0.94/0.049
D 27 + 1.81/0.041 1.04/0.136
29 - 1.88/0.143 0.96/0.049
E 18 + 1.96/0.023 0.94/0.049
19 2.07/0.132 0.98/0.040
F 26 + 1.90/0.049 0.98/0.040
20 1.90/0.182 1.00/0.000
G 21 + 2.03/0.289 0.95/0.050
24 1.87/0.069 0.94/0.049
H 32 + 1.86/0.062 0.92/0.040
23 - 1.86/0.091 0.96/0.049
Second Group of SixteenRuns 1.84 psi 0.96 sec
7.2.1 Statistical analysis was performed only on Group No. 2 due an equipment
set-up problem that occurred during the testing ofGroup No. 1. Refer to
the Discussion section in this report for more details concerning this
situation.
7.3 Test Observations
7.3. 1 Misaligned Holes
During the burst test of four (4) samples (#D10, #H19, #G18 and #G3), a
misalignment between the air supply fixture and the thru hole in the lid was
observed. This condition sometimes resulted in flat graphs (pressure vs
time) and usually resulted in higher burst values.
7.3.2 Lid Hole Tearing
Tearing of the Tyvek lid around the thru hole was observed during two
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burst tests (#H6 and E8), the plot appeared to be consistent with a good
burst.
7.4 Visual Inspection Results
7.4.1 Burst Location
Every test sample burst on side one of the tray, the burst occurred four (4)
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7.4.2 Adhesive Transfer
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7.5 Peel Strength Test Results
7.5. 1 Peel strength testing was performed at six different locations on each of the
peel test samples, reference the following illustration for specific locations
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7.5.2 These two tables summarize the peel strength test results according to the
six different locations.
Standard Gurley Material Peel Strength Results - Table No. 6






1 1.66 2.05 1.80
2 1.62 1.96 1.79
3 1.72 2.68 2.14
4 1.51 1.76 1.64
5 1.40 1.89 1.67
6 1.50 2.09 1.75
High Gurley Material Peel Strength Results - Table No. 7






j 1 1.73 2.15
1.94
2 1.77 2.53 2.08
3 1.73 2.67 2.17
4 1.63 1.99 1.85
5 1.62 2.06 1.88
6 1.49 2.21 1.80
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7.5.3 Overall comparison between the two different materials are shown in the
following table.
Summary of Peel Strength Results - Table No. 8






Standard 1.40 2.68 1.80
High Gurley 1.49 2.67 1.95
8.0 Discussion
8.1 All testing was performed by the same operator. Runs one through eleven were
tested on 7/5/96, while runs twelve through sixteen were tested on July 6. Prior to
testing on the second day, some equipment malfunctions were observed which
resulted in the need to reinitialize the machine sensors (air flow and air pressure).
All samples in group number two (runs 17-32) were burst tested on the same day
(7/7/96). An additional six (6) runs were performed using the retain samples. This
was done to determine if the concerns regarding the burst test machine sensor
reinitializing process were valid. The following table illustrates the differences
between the high and the low air flow settings from day to day.
Summary& Comparison OfBurst & Time Averages By Day (Table No. 9)
|AirFlow(+)
Day#l, Runs 1-11
Burst (psi) Time (sec)
Day #2, Runs 12-16
Burst (psi) Time (sec)
Day #3, Runs 17-32
Burst (psi) Time (sec)
Day #4, Runs 33-38
Burst (psi) Time (sec)
2.00 0.39 1.77 0.97 1.85 0.96 2.25 0.63
Air Flow (-) 1.97 0.45 1.86 0.94 1.83 0.96 1.80 2.58
8.2 The results from the additional six runs demonstrate that some relationship exists
between the air flow settings and both the burst values and the time to test. This
observation is consistent with results observed during the air flow DOE test #2
(reference #R1 751).
8.3 Because all packages tested failed in the exact same location, this suggests that
burst testing of rigid packages is highly repeatable. This also suggests that the
location ofburst is either closely linked to the package design or one of the
independent variables (control factors).
8.4 Based on the relative position of the darker adhesive transfer, it appears to be
related to the time of failure. The darker adhesive transfer appears to be the
portion of the seal that fails at the moment ofburst, the halfmoon shaped lighter
transfer on the inside edge of the seal appears to be seal creep that occurs prior to
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the burst. For visual clarification, refer to the illustration in the Adhesive Transfer
section of this report. Assuming this were true then the speed of the burst will
affect the density of the transfer.
8.5 Peel test results from both raw materials revealed location number three (3) had
the highest average peel strengths (2.14 and 2.17 lbs/in). The lowest average
peel strength was location number four (4) with the standard material (1.64
lbs/in) and location number six (6) with the high Gurley material (1.80 lbs/in).
Refer to the following illustration to understand the relative location of the
average peel test results.
There was an 8.3% increase in the average peel strength between the two
materials. It may be significant to note that peel testing of the samples
manufactured with the high Gurley lidstock were tested fourteen (14) days after
the standard material samples were tested. Because peel strength tends to increase
over time, this may account for the difference in the average peel strength.
9.0 Statistical Analysis ofTest Group No. 2
Because the second group of sixteen runs (second replicate) were performed all on the
same day, it was assumed that group No. 2 represented the best opportunity to recognize
any statistically relevance within the results.
Therefore graphical and statistical analysis
were performed only for group No. 2, or results from tests performed on day #3.
9. 1 Run Order Plot
A run order plot prepared for this second group shows a different look for results
from the second halfof the test.
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9.2
This trend could be due to the fact that six of the first eight test runs were burst at
the low fill rate (4) and six of the eight runs from the second halfwere burst at the
high fill rate (12).
Normal Probability Plot
9.2.1 Initial Normality Plot
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9.2.2 The first normality plot suggested that several outliers existed at the upper
end. Because the P value for this plot was less than 0.05, this data was
considered non-normal. Based on notes recorded during the test, two
burst values were removed from the data base in an attempt to normalize
the population.
A. Sample number 22 (G3) 2.52 psi
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B. Sample number 21 (G18) 2.38 psi
After normalizing the data by removing these data points, the normality
plot was re-run.
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This normality plot shows that the P value only raised to 0.029, short of the
desired 0.05.
9.2.3 Because the plot still indicated that the population was still considered non-
normal based on the low P value, two additional points were removed.
A. Sample number 16 (F7) 2.24 psi
B. Sample number 72 (C3) 2. 14 psi
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The P value is now greater than 0.05, therefore the remaining data is
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considered statistically all from the same population.
9.2.4 In an attempt at normalizing data from the second test group, four data
points had to be removed. Only two of these four tests had irregular plots
that were caused bymisaligned thru holes, consequently the other two tests
failed to show any sign of abnormality other than having a higher burst
value than most of the test population. Normalizing the population via this
approach can only be done if an assignable cause can be linked to the
removal of an abnormal data point. Removal ofa data point without an
assignable cause skews the population which alters the statistical analysis.
9.3 Cube Plot
By splitting the factors into two different categories, high air flow (12) and low air
flow (4), the results from group two can be shown geometrically. The other three
factors (porosity, porous area and volume) are plotted in a cube to illustrate the
region that is being studied. These two 2-level graphical representations of the
results show that in seven out of eight opportunities that as the porosity of the lid
increases, the average burst values decrease. A more detailed statistical analysis
can be found in the Discussion section of this report.
9.4 Main Effects Plot
The following main effects plot shows how the main effects change from level to
level (low to high), the more vertical the line the stronger the effect.
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This plot indicates that the largest effect is with the porosity of the lid, as it's
porosity changes so does the burst value.
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9 . 5 Interaction Plot
The following plots show the interaction between the main effects, the more
parallel the lines indicate less interaction. The greater divergence between the
lines, the stronger the interaction.
The plot between package volume and lidstock porosity suggest than an
interaction exists between these two factors for this test. There also appears to be
an interaction between package volume and the porus area.
9.6 Mathematical Estimation ofEffects
Knowing that if the P values for each of the main effects and interactions are less
than 0.05, then there is a 95% confidence level that the t-values are significant.
According to the following normalized effects and interactions table, porosity of
the lid is significant as main effects. The interactions between package
volume/lidstock porosity and package volume/porus area are also considered very
significant.











Effect Coef Std Coef t-value P
1.82123 0.01116 163.18 0.000
0.02171 0.01085 0.01116 0.97 0.335
0.15696 -0.07848 0.01116 -7.03 0.000
0.04071 -0.02035 0.01116 -1.82 0.073
0.00529 -0.00265 0.01116 -0.24 0.813
0.09579 0.04790 0.01116 4.29 0.000
0.07854 0.03927 0.01116 3.52 0.001
0.03654 -0.01827 0.01116 -1.64 0.107
0.04321 0.02160 0.01116 1.94 0.058
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Porosity*Fill -0.00121 -0.00060 0.01116 -0.05 0.957
Area*Fill 0.01754 0.00877 0.01116 0.79 0.435
Volume*Porosity*Area 0.00396 0.00198 0.01116 0.18 0.860
Volume*Porosity*Fill -0.04196 -0.02098 0.01116 -1.88 0.065
Volume*Area*Fill -0.00971 -0.00485 0.01116 -0.43 0.665
Porosity*Area*Fill -0.03104 -0.01552 0.01116 -1.39 0.169
Volume*Porosity*Area*Fill 0.03621 0.01810 0.01116 1.62 0.110
10.0 Conclusions
10. 1 The day to day variation in test results as outlined in table number nine (9),
indicates that data from the first two days are two separate populations.
Consequently results from the first group can not be used to derive any statistically
relevance.
10.2 Relevance ofporus area became statistically less significant as the four outliers
were dropped from the analysis. All four test samples that were dropped as part of
the normalization process had lid labels, this skewed the effect of the small (-)
porus area (X3) response variable.
10.3 The 2-level graphical representations using normalized results from test group
No.2 indicates that as the lid porosity increases, the package will burst at lower
pressure. The Effects and Interactions tables indicate that there is greater than a
95% chance that lid porosity will significantly effect the burst value. According to
the results of this experiment, there are two interactions that effect the burst test
results; Package Volume/Lidstock Porosity and Package Volume/Porus Area.
There is one effect and one interaction that fall just shy of the 95% confidence
level and are therefore worthy ofconsiderationwhen burst testing breathable
packages, Porus Area and Porosity/Porus Area.
10.4 The pattern ofpeel strengths fail to correlate with the burst location. Peel strength
results from location number two (which is where the package burst every time)
are actually the one of the stronger locations around the seal flange.
11.0 Recommendations
11.1 To avoid lid tearing and to reduce the possibility ofmisaligned holes, it is
recommended that the thru hole be enlarged from 1/4 in. to a least 5/16 in.
diameter hole.
11.2 Instead of running five repeats with two replicates, consideration should be given
to revising the test format to have five repeats of the sixteen runs. This approach
will provide greater insight regarding the variability of the test device.
DOETBAL
Summary Statistics Bo^>T \SP\ivS
Run X1 X2 X3 X4 Ref. S#1 S#2 S#3 S#4 S#5 I Mean StdD Variance
1 - - - - E- 1.96 2.24 1.96 1.96 2.22 2.07 0.132 0.0175
2 + - - - G- 1.80 1.96 1.80 1.84 1.94 1.87 0.069 0.0047
3 - + - - F- 2.24 1.94 1.76 1.78 1.78 1.90 0.182 0.0331
4 + + - - H- 1.84 1.78 1.96 1.96 1.74 1.86 0.091 0.0082
5 - - + - A- 1.60 1.78 1.66 1.66 1.64 1.67 0.060 0.0036
6 + - + - C- 1.78 1.70 1.84 1.84 1.88 1.81 0.063 0.0039
7 - + + - B- 1.66 1.48 1.56 1.70 1.74 1.63 0.095 0.0091
8 + + + - D- 1.70 1.98 2.10 1.78 1.84 1.88 0.143 0.0205
9 - - - + E+ 1.98 2.00 1.94 1.94 1.96 1.96 0.023 0.0005
10 + - - + G+ 2.52 1.80 1.84 1.96 2.03 0.289 0.0835
11 - + - + F+ 1.84 1.84 1.94 1.94 1.94 1.90 0.049 0.0024
12 + + - + H+ 1.84 1.98 1.80 1.84 1.84 1.86 0.062 0.0038
13 - - + + A+ 1.96 1.70 1.58 1.70 1.96 1.78 0.153 0.0235
14 + - + + C+ 1.66 2.14 1.84 1.70 1.64 1.80 0.186 0.0345
15 - + + + B+ 1.66 1.66 1.66 1.66 1.66 1.66 0.000 0.0000
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Peel Strength Results - Standard Gurley Lid Material
Tray# Lod Loc 2 Loc 3 Loc 4 Loc 5 Loc 6 Avg Std Dev Min I Max
1 1.73 1.89 1.93 1.72 1.89 1.97 1.86 0.10 1.72 1.97
2 1.67 1.81 2.27 1.67 1.59 1.66 1.78 0.23 1.59 2.27
3 1.68 1.96 2.11 1.61 1.84 1.50 1.78 0.21 1.50 2.11
4 1.66 1.66 2.10 1.54 1.53 1.98 1.75 0.22 1.53 2.10
5 1.86 1.62 2.06 1.62 1.87 1.55 1.76 0.18 1.55 2.06
6 2.05 1.73 1.92 1.51 1.73 1.51 1.74 0.20 1.51 2.05
7 1.94 1.85 1.91 1.76 1.40 1.61 1.75 0.19 1.40 1.94
8 1.76 1.65 2.22 1.68 1.67 1.84 1.80 0.20 1.65 2.22
9 1.70 1.89 2.46 1.70 1.78 1.78 1.89 0.26 1.70 2.46
10 1.71 1.77 2.43 1.71 1.51 1.70 1.81 0.29 1.51 2.43
11 1.97 1.79 2.68 1.58 1.71 2.09 1.97 0.36 1.58 2.68
12 1.97 1.86 1.72 1.68 1.44 1.82 1.75 0.17 1.44 1.97
13 1.66 1.76 2.05 1.54 1.81 1.77 1.77 0.16 1.54 2.05
Avg 1.80 1.79 2.14 1.64 1.67 1.75 1.80
Std Dev 0.14 0.10 0.25 0.08 0.16 0.18 0.23
Min 1.66 1.62 1.72 1.51 1.40 1.50 1.40
Max 2.05 1.96 2.68 1.76 1.89 2.09 2.68
I
PeelS trength Results - High Gurley Lid Material
Tray# Loci Loc 2 Loc 3 Loc 4 Loc 5 Loc 6 Avg Std Dev Min Max
1 1.78 2.21 2.26 1.78 1.81 1.90 1.96 0.20 1.78 2.26
2 2.14 2.01 2.39 1.63 1.98 1.64 1.97 0.27 1.63 2.39
3 2.02 2.67 1.85 1.62 1.68 1.97 0.38 1.62 2.67
4 1.98 2.05 2.35 1.90 1.94 1.71 1.99 0.19 1.71 2.35
5 1.84 1.90 2.11 1.93 1.71 1.66 1.86 0.15 1.66 2.11
6 1.87 1.92 2.12 1.91 2.02 1.97 0.09 1.87 2.12
7 1.92 2.01 2.41 1.70 1.82 1.49 1.89 0.28 1.49 2.41
8 1.73 1.77 2.20 1.84 1.75 1.77 1.84 0.16 1.73 2.20
9 1.95 2.07 1.73 1.87 1.96 1.71 1.88 0.13 1.71 2.07
10 1.99 2.12 1.93 1.94 1.93 1.99 1.98 0.07 1.93 2.12
11 2.14 2.39 2.21 1.99 1.88^ 2.21 2.14 0.16 1.88 2.39
12 2.15 1.78 2.15 1.96 1.92 1.56 1.92 0.21 1.56 2.15
13 1.97 2.53 1.90 1.84 2.05 1.78 2.01 0.25 1.78 2.53
14 1.76 2.27 1.94 1.87 2.06 2.01 1.99 0.16 1.76 2.27
Avg 1.94 2.08 2.17 1.85 1.88 1.80 1.95
Std Dev 0.14 0.21 0.24 0.10 0.12 0.20 0.22
Min 1.73 1.77 1.73 1.63 1.62 1.49 1.49
Max 2.15 2.53 2.67 1.99 2.06 2.21 2.67
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1 .0 Purpose
To determine how significant package volume, fill rate, material porosity and breathable
area have on burst test results of a rigid breathable package. These factors have been
selected as the control inputs for this Design ofExperiment (DOE) involving closed
package burst testing with a restraining plate.
2.0 Scope
This protocol involves burst testing Bard Access System's (BAS) Peripheral Inserted
Central venous Catheter (PICC) Full Procedural package design which is composed of a
rigid thermoformed blister sealed with a heat seal coated Tyvek lid. Results from this
experiment will provide comparative data useful in understanding and quantifying this test
method.









Air Flow DOE Number Two
Sealing Process Validation CR-27 Heat Seal Coating
Lid Label Ultraviolet Light Test Method
Bard Access Systems Seal Strength TestMethod
Closed Package Burst Test DOE #1, PICC Full Pkg
4.1.1 Heat Seal Coated Lidstock
4.1.1.1 Substrate: 1073B Tyvek
4.1.1.2 Size: 11 13/16 in. x 9 15/16 in.
4.1.1.3 Adhesive: Emulsion Based Full Coverage Coating (PM Co.
CR273 Standard and CR273 with High Gurley)
4.1.1.4 Supplier: Perfecseal Corporation
4. 1 .2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4.1.2.1 Size: 11 13/16 in. Lx 9 15/16 in. Wx 3 5/8 in. H
4. 1 .2.2 Material: 45 mil PETGwith the bottom side Silicone coated
4.1.2.3 Supplier: Prent Corp.
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Size: 6 3/4 in. x 8 in.
Material: 41 # UncoatedWhite Offset Paper Stock with
Permanent Pressure Sensitive Adhesive










5/16 in. Dia. Leather Coring Punch & Hammer
T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF
Chatillon Motorized Test Stand
Chatillon Force Gauge
Burst Test Restraint Fixture - Asset # M000512
5.1 Input Factors
This test is designed to analyze the effects offour independent variables; package
volume, porosity rate, porosity area and fill rate. A high and low targets for each
factor (or independent variable) was identified so that a systematic approach can
be used to determine there effect on the response (burst pressure). It is important
to maximize the difference between the high and the low inputs, but stay within
realistic operating range. The targets for each factor are identified in the following
table.
TableNo. 1










Air Fill Rate Slow (4) Fast (12)
In sections 5.1.1 through 5. 1 .4 each variable has been assigned a coded value (ie.
X1;X2,X3andX4).
5.1.1 Volume ofPackage (X,)
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Large variable measures 290.66
in3
+/- 5% (or 4765 cc), which is the
product of an empty tray's internal length, width and depth dimensions.
Because of the geometry of the tray includes radius corners and a
chamfered corner, the volume dimension was generated using the original
computer aided design program. The Small variable will be 199 in3, which
is based on the difference between the maximum volume of the tray less
750 ml ofwater contained in a PICC Full Procedural kit. To provide better
control and to minimize accidents involving the water, a zip lock bag is to
be used to contain it.
5.1.2 Porosity (X2)
The low and high breathability variables are determined by the average
porosity rates of the two different lidstocks. High and low porosity is
control through the use of two specially manufactured coated Tyvek
lidstock materials. During the porosity baseline experiment (reference
report #R1750) the average Gurley-Hill values for these two lots were
found to 68 sec/1OOcc for the standard material and 174 sec/1OOcc for the
high porosity material.
5.1.3 Porus Area (X3)
The breathable area of the tray will be equal to the area inside the inner tray
flange (1 1 in. x 9 1/8 in. = 100 3/8 in2.). Approximately fifty four percent
(54%) blockage of the lid will be achieved by using a pressure sensitive
paper label. Using a standard Gurley densitometer, the air flow rate
through the label stock was measured to be greater than 1800 seconds.
According to TAPPI 460 this material exceeds the conditions of this test
method. Therefore for the purposes of this experiment the label is
considered non-porus.
5.1.4 Input Air Fill Rate (X4)
The input air pressurization rate used to burst the packages is selected with
the BT-1000 control unit during each test set-up. The low (4) and high
(12) flow or fill rate settings were established during an air flow DOEs
(reference report #R1751) using this package configuration.
5.2 Static Inputs
Static inputs (or constants) of the burst process are those elements that have been
identified as having minimal impact or are considered manageable in the context of
this experiment. T.M.
Electronic'
s patented molded air access ports with
double-
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backed adhesive attachment system was selected because it is believed that this
system will reduce air leakage around the access hole. Below is a table listing




Lid deflection (restraining fixture) 0.125 in.
Heat Seal Coating CR 27, Emulsion Based
Sealing Conditions NominalMachine Settings
Seal Geometry Rectangular
Inflation hole size 5/16 in. Diameter
Inflation hole location Center ofPackage
Tray loading or component Minimum 1 in. Headspace
Tray flexure Same Tray
Environmental conditions 20-26C, 40-60% RH
6.0
5.3 Number ofRuns
This test will be a two level four factor (24) design of experiment without any
repeats and with five (5) replicates. This translates into a total of eighty (80) burst
tests, or five sets of sixteen (16) runs.
5.4 Test Output
Burst pressure (psi), location of failure, time to burst (sec) and consistency of the
burst plot will be recorded for all eighty test samples.
TestMaterial Preparation
6. 1 Lidstock
6. 1 . 1 Randomly select forty (40) sheets ofheat seal coated lidstock from each
raw material group; High Gurley (Low Porosity Rate) and Standard Gurley
(High Porosity Rate).
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Table No. 4
Description Lot No. Quantity (sheets)
High Gurley LCRNo. 1201 40
Standard Gurley M64395 40
Total Sheets 80
6.1.2 Coating Consistency Inspection
Visually inspect the heat seal coating on all of the lidstock material with a
black light for surface irregularities and coating inconsistencies.
6.1.3 AccessWhole Preparation
Using the leather punch and the hammer, punch a 5/16 in. Dia. access
whole in the center of each lid.
6.2 Rigid Thermoformed Trays
Inspect all trays for forming defects like excessive flow lines, thin spots, embedded
particulate, shipping damage or surface irregularities observed during this
inspection.
6 . 3 Tray Filler Preparation
Fill eighty (80) zip-lock polyethylene bags with 750 ml ofDeionized
water and
secure the closure, place each filled bag inside a second zip-lock bag to avoid
leakage.
7.0 Sample Preparation
7. 1 Prepare ten (10) samples for each of the following eight (8) package
configuarations, note that filler consists of two
750 ml bags ofwater.
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Sample Preparation (TableNo. 5)
Pkg
Config
Lid Label (X3) Filler Material (X,) Lidstock Type (Xj)
Yes(-) No(+) Yes (-) No(+) Std (+) High(-)
A X X X
B X X X
C X X X
D X X X
E X X X
F X X X
G X X X
H X X X
7.2 Seal all samples using the nominal machine settings as noted in the following table.
Table No. 6
Temperature Dwell Time Pressure
278
F 5.5 sec 97.5 psi
These parameters were established with sealing process validation using the CR-27
Heat Seal Coated lidstock (reference report #R1617).
8.0 Test Procedure
8. 1 Set-up the restraining fixture stop to a height of 3 3/4 inches,
which is 1/8 in.
higher than the blister height. Set the machine air pressure at 40 psig. and the
maximum test time at 3.0 seconds.
8.2 Attached are data sheets for five different groups (replicates) of sixteen
randomized run configurations. The sample identifier on the data sheets
correspond with table No. 5, the + and
- indicate the fill rates (factor X4). The
following matrix has been generated to clarify the
test sequence and sample
identification.
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RunNumber
Group# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
I E- A- B- H- E+ C+ D- B+ D+ F+ A+ F- G- H+ C- G+
II A+ C+ A- C- F+ B+ D- F- D+ G+ B- H+ E- G- E+ H-
III F+ E+ B- H- G+ F- G- C- E- C+ A- H+ D- D+ A+ B+
IV G- G+ B- A+ E- H- A- C+ F- E+ C- D- H+ B+ D+ F+








Set the air flow to the proper rate based on the run requirements.
Prep each needle septum (aka. Access Port) with the double backed adhesive
gasket, keep the release liner intact until ready to apply to the lid.
Place the test sample under the restraining fixture so that the thru hole on the lid is
aligned with the thru hole of the septum.
Press fit the tubular portion of the port over the air supply and sensor tubes. Make
sure that the air supply fixture is in the up position when the port is applied.
Lower the fixture until the flange of the port is flush with the lid surface, apply a
slight amount ofpressure to insure proper adhesion of the gasket. Be sure to
back-off the pressure and re-set the fixture height to be at the same plane as the
tray flange.
Lock the air supply fixture into place and activate the burst test sequence. Note
that each test will have a pre-fill operation followed by the actual burst step.
Using the attached data sheets, record the burst pressure, time to burst, location of
the burst and sketch the graph for each sample tested.
8.10 Repeat steps 8.3 through 8.9 for each test sample in the group and then proceed to
the next test group until all testing is complete.
9.0 Evaluate Results
9. 1 Study each plot to determine whether it fit the standard profile of a good plot. A
good plot is one that shows a steady rise in the internal air pressure and has a
sudden drop-offwhen the burst occurs. Identify any plot that is irregular and be
aware that this value may have an abnormal burst
pressure.
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9.2 Inspect the adhesive transfer in the area where the burst occurred. Document any
irregularities or adhesive patterns that are observed.
10.0 Final Report
10. 1 Summarize the average burst pressures and time to burst by subgroup and group.
Note the standard deviations of all groups and subgroups.
10.2 Report on any trends or relationship that the data supports relative to the air flow
settings. Consider the use of any data that has an abnormal plot, care should be
used if it is used for trending analysis of the process.
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1.0 Purpose
The objective of this experiment was to determine how significant package volume, fill
rate, material porosity and porous area have on burst values when testing a rigid package
that is breathable.
2.0 Scope
The results from this experiment are limited to testing of the PICC Full Procedural tray
sealed with CR-27 heat seal coated 1073B Tyvek lidstock. Results from this experiment
provides data that can be used to understand and quantify burst testing ofgas sterilized
medical device packages.
3 . 0 Reference Documents
3.1 Rl6 17 Sealing Process Validation CR-27 Heat Seal Coating
3 .2 Rl75 1 Air Flow SettingDesign ofExperiment #2 Report
3.3 Rl7 1 5 Closed Package Burst Test Design ofExperiment Report
3.4 T0955 Closed Package Burst Test No. 2, Design ofExperiment Protocol
4.0 Test Articles
All raw materials and test equipment was selected in accordance with the Protocol for this
experiment (#T0955).
4. 1 RawMaterials
4.1.1 Heat Seal Coated Lidstock-Heat Seal Coated 1 073B Tyvek
4. 1 . 1 . 1 CR273 Standard - 68 sec/100 cc
4.1.1.2 CR273 with High Gurley - 1 74 sec/100 cc
4. 1 .2 Pressure Formed Tray - PICC Full Procedural Outer Tray (p/n 0396604)
4. 1 .3 Pressure Sensitive Label - Bard Access Systems (p/n 0397505)
4.2 Test Equipment
4.2. 1 Calibrated 18 in. long Steel Rule
4.2.2 Digital Vernier Caliper
4.2.3 5/16 in. Dia. Coring Punch & Hammer
4.2.4 T.M. Electronics BT-1000-V2, Seal Strength Tester, Serial # BT-602
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4.2.5 T.M. Electronics TS-02, Closed Package Fixture, Serial #CPF- 1 85
4.2.6 Burst Test Restraining Fixture - Asset #M0005 12
5 . 0 Sample Preparation
5 . 1 Sample Identification
This test was designed to analyze the effects of four response variables; package
volume, porosity rate, porosity area and input air flow (or fill) rate. A high and
low input for each independent variable was identified and tested according to the
following summary table.
Table No. 1
Independent Variables (-) (+)




Lidstock Porosity (Xj) 172 sec/1OOcc 68 sec/1OOcc




Air Fill Rate (X4) Slow (4) Fast (12)
Each factor was assigned a coded value (X,, X2, X3 and X4) that was used as an
identifier during the statistical analysis portion of this test. Porosity rates for the
two different lids were measured and documented in the Porosity Baseline Test,
reference report number R1750. The fill rates used during this experiment were
established in the Air Flow Setting Design ofExperiment #2, reference report
numberRl751.
5.2 Test Outputs
The pressure (psi) inside the package when the seal failed and the time (sec) to
burst were recorded for each sample. Where the seal failure occurred and a plot of
the pressure over time were also documented for each test sample.
5.3 Package Configurations
Ten (10) samples were prepared for each of the following eight (8) package
configurations.
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Sample Preparation (TableNo. 2)
Pkg
Config
Lid Label (X3) Filler Matenal (X,) Lidstock Type (X^
Yes (-) No(+) Yes (-) No(+) Std (+) High(-)
A X X X
B X X X
C X X X
D X X X
E X X X
F X X X
G X X X
H X X X
5.4 All raw materials were pre-inspected for defects and irregularities. The trays were
found to be free of excessive flow lines, thin spots, embedded particulate and
shipping damage. UV light inspection of the coating found it to be uniform and
consistent.
5.5 Labels were applied to the appropriate lids and each test lid was prepped with a
5/16 in. diameter through hole in it's the center.
5.6 All two hundred and twenty four (80) test samples were prepared in accordance
with protocol #T0955. Two bags ofwater were used as filler where required and
all samples were sealed at nominal machine settings as established by Sealing
Process Validation, reference report number R1617.
6.0 Test Procedure
6. 1 Test Conditions and Machine Set-up
The restraining fixture (M000512) plate was set to a
height of 3 3/4 inches, the
machine air pressure was set at 40 psig. and the maximum test time was set at 3.0
seconds. Room temperature at the time of the test was within ASTM standard test
conditions
(734
F), but the relative humidity was approximately 35% which is
below standard conditions (50%5% RH).
6.2 Testing was performed according to the
run matrix in the protocol.
6.3
Report #R1752, Rev. Org
Page 5 of 1 1
Double back adhesive was placed on the flange side ofeach needle septum prior to
placing the it on the air supply needle. Sample alignment and test instructions




The burst location, pressure and time were recorded on the data sheets. A hand
drawing of the burst plot was made for each test.
The following table summarizes the results from this experiment. Each burst
pressure and time listed in these tables are an average of the five (5) values.
Burst Test DOE #2 Results (Table No. 3)




A + 1.77/0.072 0.44/0.136
1.75/0.041 2.04/0.136
B + 1.80/0.097 0.60/0.110
1.80/0.094 2.22/0.117
C + 1.84/0.089 0.64/0.049
1.76/0.053 2.28/0.040
D + 1.87/0.116 0.66/0.049
1.78/0.020 2.82/0.194
E + 1.86/0.079 0.34/0.049
- 1.84/0.059 1.62/0.075
F + 1.89/0.187 0.34/0.049
1.90/0.064 1.93/0.041
G + 2.05/0.086 0.62/0.040
- 1.88/0.062 1.93/0.041
H + 1.86/0.121 0.66/0.049
1.83/0.109 2.06/0.196
Overall Average 1.84 psi 1.33 sec
7.2. 1 A complete statistical analysis was performed using the burst values from
this test, refer to section 8.0 for the analysis. Attached to this report are
spreadsheets containing statistical summaries for both the burst pressure
and time to burst values recorded during this test.
7.3 Test Observations
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7.3.1 Burst Plot Consistency
Unlike previous DOE test results all burst plots were considered normal. A
normal plot is one that has a steady increase in pressure followed by a
sharp drop when the seal blew-out.
7.3.2 Lid Hole Tearing
None observed
7.4 Visual Inspection Results
7.4.1 Burst Location
Every test sample burst on the long side the tray four (4) inches from the
chamfer corner of the blister.
7.4.2 Adhesive Transfer
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8.0 Statistical Analysis
8 . 1 Run Order Plot (Burst Results)
8.2 Normal Probability Plot (Burst Results)
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One data point appears to be an outlier, if this data point is removed then the
followingNormality plot will result.
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Because removal of the outlier resulted in a lower P value, the statistical analysis
will be performed using all of the burst data.
8 . 3 Cube Plot Using Burst Results
Two different three dimensional graphic models were created to better identify
relationships between the four factors and the burst results. One cube was drawn
with all of the fast fill rate (12) and the other with the slower fill rate (4), the other
three factors (porosity, porous area and volume) represent the three axises of the
cube. These two 2-level graphical representation of the DOE results show that as
the porous area increases, the average burst values decrease in seven of the eight
relationships.
8.4 Cube Plot Using Time to Burst Results
Two additional three dimensional graphic models were created using the time to
burst results. Seven out of eight relationships showed that the average time to
burst increased with the larger porus area. The average time to burst also
increased every time the larger volume package was tested. With the slower fill
rate, the average time to burst increased as the lid porosity increased. Mean values
for packages tested with the slower fill rate all took much longer to burst.
8 . 5 Main Effects Plot (Burst Results)
The following main effects plot shows how the main effects change from level to
level (low to high), the more vertical the line the stronger the effect.
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Volume Porosity Area FQ1R.
This plot indicates that the largest effect is with the porosity of the lid, as it's
porosity changes so does the burst value. The main effects plot also illustrates that
fill rate and volume also appears to effect the burst results.
8 . 6 Interaction Plot (Burst Results)
The following plots show the interaction between the main effects, the more
parallel the lines indicate less interaction. The greater divergence between the




The plot between package volume and porus area suggests that an interaction
exists between these two factors for this test. An interaction between volume and
fill rate is also apparent. Porosity and porus area appear to cause an interaction
that affects the burst results.
8 . 7 Effects and Interactions Table (Burst Results)
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Estimated Effects and Coefficients Table for Burst Results - DOE #2
Term Effect Coef Std Coef t-value P
Volume 0.03200 0.01600 0.01155 1.39 0.171
Porosity -0.09100 -0.04550 0.01155 -3.94 0.000
Area -0.00400 -0.00200 0.01155 -0.17 0.863
Fill 0.05200 0.02600 0.01155 2.25 0.028
Volume*Porosity 0.00200 0.00100 0.01155 0.09 0.931
Volume*Area -0.04500 -0.02250 0.01155 -1.95 0.056
Volume*Fill 0.04100 0.02050 0.01155 1.78 0.081
Porosity*Area 0.03400 0.01700 0.01155 1.47 0.146
Porosity*Fill -0.00200 -0.00100 0.01155 -0.09 0.931
Area*Fill -0.02100 -0.01050 0.01155 -0.91 0.367
Volume*Porosity*Area 0.03500 0.01750 0.01155 1.52 0.135
Volume*Porosity*Fill -0.00300 -0.00150 0.01155 -0.13 0.897
Volume*Area*Fill -0.01200 -0.00600 0.01155 -0.52 0.605
Porosity*Area*Fill 0.02300 0.01150 0.01155 1.00 0.323
Volume*Porosity*Area*Fill 0.01800 0.00900 0.01155 0.78 0.439
Knowing that if the P values for each of the main effects and interactions are less
than 0.05, then there is a 95% confidence level that the t-values are significant.
According to the effects and interactions table, porosity of the lid and fill rate are
both considered a significant main effect
9.0 Discussion
9. 1 All testing was performed by the same operator and tested on the same day.
9.2 In 100% of the test samples the seal on side number one burst, this is consistent
with all previous burst test results with the PICC Full Outer tray design. The dual
density adhesive transfer pattern was also consistent with previous burst tests. The
darker transfer appears to be the sealed area that fractures during the burst, and
the lighter transfer is seal creep that happens just prior to the burst.
9.3 There may be other factors that caused
porus area to be considered a statistically
significant factor effecting the average burst value
of this package. Ifone assumes
that the forces pushing upward on the lid are influenced by the geometry of the
package, then the stiffness of the lid would have an effect. Paper labels were used
to reduce porus are by block portions of the lid, this clearly increases the stiffness
of the lid and may have been a contributing factor in identifying this factor as being
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significant.
10.0 Conclusions
10. 1 The 2-level graphical representations using the mean burst pressures shows that
burst values decrease with an increase in the amount ofporous area. The Effects
and Interactions worksheet proves that there is greater than a 95% probability that
the amount ofporus area and the rate at which the package is filled with air are
significant factors relative to burst results.
10.2 The time to burst graphical models indicate that the length of time required to
burst this design becomes longer with a more porus lid, with a larger package
volume and with more breathable area. This demonstrates that time to burst is
linked to package design and that the air that escapes through the Tyvek will effect
the test results.
DOETBA2
Burst Values - Summary Statistics
Run X1 X2 X3 X4 Ref. G#1 G#2 G#3 G#4 G#5 Mean StdD Variance
1 - - - - E- 1.94 1.84 1.78 1.78 1.86 1.84 0.059 0.0035
2 + - - - G- 1.94 1.84 1.96 1.80 1.84 1.88 0.062 0.0039
3 - + - - F- 1.94 1.96 1.80 1.94 1.84 1.90 0.064 0.0041
4 + + - - H- 1.74 1.96 1.96 1.70 1.80 1.83 0.109 0.0119
5 - - + - A- 1.72 1.70 1.80 1.80 1.74 1.75 0.041 0.0017
6 + - + - C- 1.68 1.78 1.84 1.78 1.74 1.76 0.053 0.0028
7 - + + - B- 1.94 1.74 1.80 1.84 1.66 1.80 0.094 0.0089
8 + + + - D- 1.78 1.80 1.78 1.74 1.78 1.78 0.020 0.0004
9 - - - + E+ 1.94 1.96 1.84 1.84 1.74 1.86 0.079 0.0063
10 + - - + G+ 2.14 2.16 1.96 1.96 2.02 2.05 0.086 0.0075
11 - + - + F+ 2.22 1.84 1.70 1.74 1.96 1.89 0.187 0.0350
12 + + - + H+ 1.68 1.96 1.96 1.74 1.94 1.86 0.121 0.0146
13 - - + + A+ 1.68 1.88 1.70 1.80 1.78 1.77 0.072 0.0052
14 + - + + C+ 1.94 1.74 1.96 1.78 1.80 1.84 0.089 0.0079
15 - + + + B+ 1.78 1.96 1.78 1.66 1.84 1.80 0.097 0.0095
16 + + + + D+ 1.94 1.84 1.74 1.78 2.06 1.87 0.116 0.0134
1.88 1.87 1.84 1.79 1.84 1.84 0.0085
0.16 0.11 0.09 0.07 0.11 0.07
Sp= 0.09237
Time to Burst - Summary Statistics
Run X1 X2 X3 X4 I Ref. G#1 G#2 G#3 G#4 G#5 Mean StdD Variance
1 - - - - E- 1.6 1.5 1.6 1.7 1.7 1.62 0.075 0.0056
2 + - - - G- 1.9 1.9 2.0 2.0 1.9 1.93 0.041 0.0017
3 - + - - F- 1.9 2.0 1.9 2.0 1.9 1.93 0.041 0.0017
4 + + - - H- 1.9 2.3 1.9 1.9 2.3 2.06 0.196 0.0384
5 - - + - A- 1.9 1.9 2.2 2.2 2.0 2.04 0.136 0.0184
6 + - + - C- 2.3 2.3 2.2 2.3 2.3 2.28 0.040 0.0016
7 - + + - B- 2.2 2.0 2.3 2.3 2.3 2.22 0.117 0.0136
8 + + + - D- 2.7 2.7 3.0 2.6 3.1 2.82 0.194 0.0376
9 - - - + E+ 0.3 0.3 0.4 0.4 0.3 0.34 0.049 0.0024
10 + - - + G+ 0.7 0.6 0.6 0.6 0.6 0.62 0.040 0.0016
11 - + - + F+ 0.3 0.4 0.3 0.4 0.3 0.34 0.049 0.0024
12 + + - + H+ 0.7 0.7 0.6 0.7 0.6 0.66 0.049 0.0024
13 - - + + A+ 0.3 0.6 0.3 0.4 0.6 0.44 0.136 0.0184
14 + - + + C+ 0.7 0.7 0.6 0.6 0.6 0.64 0.049 0.0024
15 - + + + B+ 0.7j 0.7 0.6 0.6 0.4 0.60 0.110 0.0120
16 + + + + D+ 0.6 0.7 0.7 0.7 0.6 0.66 0.049 0.0024
1.29 1.33 1.32 1.34 1.34 1.33 0.0102
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